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PREFACE

This report describes a survey that was conducted to
determine if training in high-altitude physiology was needed for
civilian flight crews; whether current training was adequate; and
what subjects would be recommended for inclusion in a core
curriculum, if additional training should be required. This
report descries the methods used to acquire the information for
the survey and the results of the survey. Also included are
recommendations for subjects for a core curriculum and addi-
tional subjects for an expanded curriculum.

This paper was prepared for the Biomedical and Behav-
ioral Sciences Branch of the Office of Aviation Medicine of the
FAA.

The report was prepared by the Operator Performance and
Safety Analysis Division of the Office of Research and Analysis
at the Volpe National Transportation Systoms Center, and was
completed under the direction of VNTSC Program Manager M.
Stephen Huntley, Jr. Rescarch for tii¢ report and its preparation
were the responsibility of John W. Turner of EG&G Dynatrend.
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EXECUTIVE SUMMARY

Some National Transportstion Safety Board staff
members have expressed a concern that high-alti-
tude flight physiology training for civilian flight
personnel should receive greater emphasis than it
curzently does. Others inthe aviation indust-y agree.
Among their reasons are the following:

= New-generation aircraft are capable of reach-

ing higher flight altitudes than before (¢.g..
Piper Cheyenne turboprops tha reach FE410
and late-model Learjets reaching FLS500).
Moreover, new airiine aircraft have the capa-
bility to cruise longer at high altitudes than
older aircraft, lengthening flight crews’ expo-
sure to the problems of high aititude.

+ Agingaircraftand greater decompression pos-
sibilities are growing concems.

« There is an apparent disparity between the
high-altitude physiclogy training for cockpit
crews and cabincrews. While areasof respon-
sibility differ, the need to know is similar. This
becomes more obvious with the knowledge
thai during periods of high activity, flight
attendants tend to become hypoxic faster than
sedentary cockpit crewmembers.

The authors were asked 10:

+ Verify the need for more training in high-
aliitude physiology.

» Review current training practices in the indus-
try and in academia,

» Recommend a curriculum for use in high-
altitude training.

The following methods were used to gather infor-
mation:

« To determine the need for training, we re-

viewed Aviation Safety Reporting System
(ASRS) and National Transportation Safety
Board (NTSB) reports and intzrviewed repre-
sentatives of pilot and flight attendant unions.

« Toidentify current training practices, we sur-
veyed airlines, airframe manufacturers, the
amed services, the National Business Air-
craft Association, the Aircraft Owners and
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Pilots Association, flight schools, and institu-
tions of higher leaming.

» To ascertain subjects to include in a curricu-

lum, we reviewed pertinent publications znd
curricula.

» Toprovide additional informationin this field,

we commissioned an expert opinion paper
(see Appendix A).

Based on the information gathered, we feel that
there is a need for further training in high-altitude
physiology for all civilian flight personnel, includ-
ing recreational pilots intending to fly above 10,000
feet (day) or 5,000 feet (night). (This is because of
the hypoxic effect onnight vision above 5,000 feet.)
Although we realize that training ail those liable to
fly above 5,000 feet would create very large initial
training demands, we encourage it. Many civilian
flight personnei have not had the benefit of military
flight physiology training and are unaware of the
physiological phenomena that can affect the safety
of flight, especially their own bodies’ responses 10
hypoxia. (Each person’s response differs in some
respect.)

Our study also leads us to believe that at present
not even the six subjects required by FAR are being
taught adequately. Forcrews operating above 25,000
feet, those required subjects are:

« Respiration.

+ Hypoxia

« Duration of consciousness without supple-

mental oxygen at altitude.

+ Gas expansion.

+ Gas bubble formation.

» Physical phenomena and incidents of dzcom-

pression.

We feel that those required subjects shouid be
addressed fully, and that the use of oxygen equip-
ment, both fixed and walk-around, should als» he
taught. In addition, we recommend teaching the
following subjects, not all of which are altitude
related:



Flying after diving.

Stress, extemnel and self-imposed, and the
manper in which it affects individual perfor-
mance.

Tlusions in flight, especially those leading to
spatial disorientdtion. (The AIM says that
“Ilusions rank among the most common fac-
1ors cited as contributing to fatal aircraft acci-
dents.”)

Visual problems and night vision.
Acceleration and force fields.

Carbon monoxide poisoning in flight.

Other physiological issues, including self-
medication, smoking, use of drugs and alco-
hol, fatigue, nutrition:, physical fitess, and
dehydration.

Hearing, noise, and vibraticn,
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This latter group of subjects is addressed in the
AIM and/or in military courses of instruction in
flight physiology. We also feel that adding an alti-
mde chamber flight to iraining canbe justified onthe
basis of individuals® abilities to recognize hypoxic
syzopioms and deal with them and by the added
safery that would result.

FARs 121 and 135 mandate training in flight
physiology only for crews operating above 25,000
feet. Since it is known that hypoxia can have serious
effects as low as 10,000 feet, we feel that the ceiling
for required training should be lowered to 10,000
feet.

Another finding deals with oxygen use by pilots
as mandated by FARs 91, 121, and 135. These
regulations specify different altitudes at whi=!. .y-
gen must be used by pilots operaiing unider the three
pars. Since pilots under each of the three parts have
similar needs for oxygen, and the effects of hypoxia
can be as disastrous for any, we feel these regula-
tions should reflect the same requirements for all
pilots.



CiviniaN TRAINING 1IN HIGH-ALTITUDE FLIGHT PHYSIOLOGY
1L.INTRODUCTION

It is a concem of some NTSB staff, as well as
others in the aviatdon industry, tha; more emphasis
should be placed on training in high-altitude physi-
ology. The foilowing would seem to support that + Identify information that should be included
position: in raining for high-altitude physiology anc

« Idemtify current methods, facilities, and cur-
ricuia available for use in such training.

New-generation aircraft aze being routinely
flown at higher altitudes, including general
aviation aircraft,

Concemns about aging aircraft and the possibil-
ity of decompressicn are growing.

Aircraft cabins and remote galley spaces lack
devices to alert the cabin crew to slow depres-
surization or decompression. This has caused
faintingincidentsinsome cabincrewmembers
who were not aierted to the problem by seeing
passenger masks deploy.

There is a lack of in-depth cabin crew training
in proper use of all supplementary oxygen
devices they might encounter in normal du-
ties. (A recent DC-10incident, investigated by
the NTSB, found flight attendants insuffi-
ciently trained to recognize oxygen flowiothe
masks, and resulted in their moving passen-
gers around to find “usable masks.™)

An apparens disparity exists in training be-
tween cockpit and cabincrewsinhigh-altitude
physiology. While the responsibilities are dif-
ferent, the need to know is similar. The differ-
ence in activity level between busy flight
attendants and a seated cockpit crew can result
in hypoxic flight attendants with no recogni-
tion of the problem by the pilots. And, with a
two-person cockpit crew becoming more
prevalent in the industry, there will seldom be
a pilot available to help the cabin crew in an
emergency.

identify the flight operations where such tran-
ing would be particularly beneficial.

The following methods were used to gath- rirtfor-
mation:

» To determine the need for taining, we re-

viewed ASRS and NTSB reporis regarding
accidents/incidents where aititude was a con-
tributing factor. We also interviewed repre-
sentatives of pilot and flight attendant unions
reganding problems associated with hypoxia,
decompression, and otheraltitude-related prob-
lems.

» Toidentify current training practices, we sus-

veyed airlines, airframe manufacturers, ine
amedservices, NBAA, AOPA, flight schools,
and institutions of higher leaming.

» To ascertain subiects to include in a curricu-

lum, we reviewed the Airman’s Information
Maznual (AIM), current FARs, and military
courses of training.

+ To ensure that our information oo ared as

broad a perspective as possible and inciuded
the views of reszarchers as well as these of
practitioners, we commissioned Prof, Vogel
of Ohio State University 1o prepare a position
paper (attached as Appendix A) conceming
currentissuesin flight physiology. Prof. Vogel
is a retired Air Force fighter instructor pilot
ang is currently an Adjunct Assistant Profes-
sor of flight physiology at the university.

The following products were requested and are

To determine whether more emphasis should be provided herein:

placed on high-alitude flight physiology training

we needed to: * Anassessment of the need fortraining in high-

aldtude physiology for airline and gencral

+« Identify specific conditions and procedures aviation flight crews.

that may contribute to problems at high als-

tude and evaluate the need and requirements

forhigh-altitude physiology training tor fiight
CICWS.

* Areview of current training practices in high-
altitude physiology.



* Recoirmendations for a core curriculum for
high-altinude physiology training where such
training is required.

Other information was received and recommen-
dations made on subjects pertaining to flight physi-
ology which do not directly relate to high altitude.

2. AVIATION SAFETY REPORTING SYSTEM
REPORTS

A searchof ASRS full-form records (versusthose
with no text) for the period berween January, 1983
and May, 1989, yielded 101 reports concemned with
flight physiclogy Seventy-three of those pertained
specifically tohigt-altitude physiology. Ofthe other
B3, ety iR Dved PIessur 20 Un U SRCUINPIESSion
probilems and some aspect of flight physiology, but
ook piace at low attitudes, generally 5,000 feet or
below. Many of these reports show a lack of under-
standing on the part of the flight crew of the potential
dangers involved, Twelve of the 73 reports were
suggestive of inadequate training and cockpit re-
source manageinent (CRM). Five involved non-
compliance with the Federal Aviation Regulations
{rAKs). Filieen repons invoived major equipmen
problems. However, many of the reports also had
positive aspects. Forty-five reports indicated that
the crews followed company-operating procedures
in dealing with the emergencies, and an additional
five reports indicated good crew interaction, good
training, or both. Since some of the reports were
typical of more than one category, the total is more
than 73.

What follows provides illustrations of the five
caiegories of reports mentioned above. As men-
tioned, fony-five repotts illustrate good rcactive
training of front-end crews in the handling of de-
compressids, whetherexplosive orinsidious. How-
ever, many of these reports show a lack of under-
standing of the causes and symptoms of hypoxia and
the other phenomena involved in flight physiology,
especially high-altitude physiclogy.

INADEQUATE TrAaBING OR Cockpir RESOURCE Man-
AGEMENT

38570 Shortly after takeoff,arear boarding
door came open and the integral stairs deployed.
The flight crew experiencea no control problems
and retumned io land. One of the flight aitendants in
the rear unfastened his seat belt and went o the open
door to check it out, although his emergency train-

ing and common sense should have made him aware
that was a life-threatening move. The flight had just
begun to pressurize, so the decompression was
minoer, or much worse could have happened.

47398 — The aircraft depressurized at FL280.
The reporter felt a pressure change in his ears. The
Cagtain checked the Second Qfficer € (S/Q) papel
(the S/O was in the cabin), donned his O, mask,
actzated the speed brakes and began an emergency
descent without communicating with the reporter.
From the Captain’s actions, the reporter assumed
there was a serious probiem, donned his O, mask,
and alerted the en route Air Traffic Controi (ATC)
centertothe emergency descent. Thisincident shows
atotal disregard by the Captain of training in emer-
eIy desteni proceduTes Yhat SHIRss TITW COMInG-
nication and CRM.

74860 — The aircraft experienced a ranid
decompression. The crew followed emergency pro-
cedures and made a rapid descent after ransmitting
in the blind to the center and not receiving a reply.
The crew did not squawk 7700 {emergency tran-
sponder code) during descent. The reporter felt, in
retrospect, tna waimng snoud mchede tne necessity
to be in contact with ATC prior 10 descent, or at the
least, to squawk 7700 so as 10 alert ATC 1o the need
1o clear other traffic in the area of the descent.

35579 — The aircraf® sustained an explosive
decorapression dueto thelossofthe First Officer’s
(F/O) side window at FL230. The F/O received
minor injury, and 1/2 of his O, mask was ripped
away and unusabie. The Captain made an emer-
gency descent with the F/O doing the checklists, but
the Captaindid notuse his O, mask at all. Thisshows
a lack of training in, and understanding of, the
effectsofunpressurized flight withoutoxygen, since
tiie usual reaction to such a pressurization loss is to
don the O, mask.

NoncoMPLIANCE WITH FAR REQUIREMENTS

36950 — The flight contiitued to its destina-
tion after an emergency descent, during which
passenger O2 masks were deployed. At one point
during the balance of the irip, flight was conducted
at F1.27C. The Minimum Equipment List (MEL) for
the airplane specified no flight above FL250 with-
out the availability of automatic presentation of
passenger O, masks. The masks could not be pre-
sented automatically because they had been de-
ployed in the previous emergency descent. This



involves noncompliance withFAR 91.30, regarding
Minimum Equipment Lists, and a lack of knowl-
edge of MEL requirements.

30855 ~— The aircicaft suffered a loss of pres-
surization at Fi.270, The crew had experienced
problems with the pressurization controlleron three
previous legs. The FAA jumpseat rider wrote crew
violations for improper use of oxygen masks. FAR
121.329 (b) (1) specifies “at cabin pressure altitudes
above 10,000 feet, up to and including 12,000 feet,
oxygen must be provided for and used by each
member of the flight crew on flight deck duty, and
must be provided for other crewmembers, for that
partofthe flight at those altitudes that is of more than
30 minutes duration.” The flight deck crew donned
their O, masks when the cabin altitude (as opposed
10 aircraft altitude) went above 12,000 feet, and after
30 minutes. This is another example of noncompli-
ance with the FARs,

67644 —- This report involves a new type of
gquick-donning crew 02 mask which does not
perform as required by the FARs. The hamess is
designed to inflate away from the mask when the
mask is removed from its container, and then deflate
for asnug fit after being placed onthe wearer’s head.
Instead, most masks tested by the reporier had the
hamess inflate inside the mask and jam, so0 as o
require a two-handed operation for donning. FAR
91.32 (b) (1) (i1) requires that a mask can be taken
from its hanger/container, and within five seconds
and with one hand, placed on the face, and be ready
for use. FAR 121.333 (c) (2) has the same require-
ments and adds “the certificate holder shail also
show that the mask can be put on without disturbing
eyeglasses and without delaying the flight
crewmember from proceeding with his assigned
emergency duties.” (It should be noted that on
several occasions we have seen this tvpe of mask
demonstrated in a cockpit without the reported prob-
lem.)

O1iEr EQUIPMENT PROBLEMS

87585 — An aircraf! climbing through FL305
experienced rapid decompression, and cabin
pressure was lost in about 10 seconds. The aircraft
had been written up for previous pressurization
problems but maintenance had beenunable to dupli-
caie the problem. Subsequent te this occurrence, a
large crack was found inthe cabin in the right wheetl
wel arez. This problem had been the subject of two
previous FAA Airworthiness Direciive {(AD) notes.

The crew made an emergency descent and ran the
“EXPLOSIVE DECOMPRESSION™ checklist.

48316 — A crew at FL350 on an oceanic route
experienced an uncontrollable cabin depressur-
ization. They descended to 10,000 feet and returned
to their point of departure. Seventy-nine of the
passenger O, masks did not deploy automatically,
nor could the crew deploy them with the cockpit
control switch. The passenger O, masks that did
depioy were of the chemical generator type and left
a buming odor in the aircraft which the crew could
not identify. Because of this, the crew wore O,
masks for the remainder of the flight. The crew had
never been exposed to the smell of a deployed
chemical generator O, mask and did not know what
caused the buming smell. They should have recog-
nized the smell from exposure to it in initial or
recuirent training, as required by FAR 121.417 (¢)
@) D ©O).

70672 — An aircraft suffered a decompres-
sion at the beginning of descent. One of the flight
atiendants, working in an aft galley, recognized her
hype¥ic symptoms, discovered the passengermasks
had deployed, assisted a small child in going to its
m _..T, then passed out from lack of oxygen. She
was given supplemental oxygen by another flight
attendant and was all right. However, flight atien-
dants are usually trained to don their own masks
before assisting others so they will be capable of
providing such help. This flight atiendant reporter
also brought out impertant considerations concerm-
ing chemical oxygen generators. Considerable heat
and smoke are caused in the generation process.
Reportedly, the heat has caused bums to, and the
smoke has been inhaled by, crew and passcnger
alike. In addition, on assuming brucing positicns for
ar emergency landing, a problem arises with the
stowage of the paraphemalia from the seat-back
styie of chemical generators (such as in the DC-10).
These canisters are also reported as being so hot as
to prevent some passengers from sitting back intheir
seats and extending their oxygen tubes farenoughto
initiate the sequence for their canister to provide
oxygen flow. This last problem contravencs FAR
25.1450 (b) (1) that says “Surface temperature de-
veloped by the generator during operation may not
create a hazard 1o the airplane or its occupants.”

Crew FoLLOWED Coapany QPERATING ProcEDLRES

85640 — An aircraft in cruise at FL310 expe-
rienced an engine explosion and rapid decom-



pression. The exploding engine left a hole in the
fuselage large enough for a man to crawl throngh.
The crew foliowed emergency training procedures,
made an emergency Jescent, fought the fire, and did
ail checklists according to their company proce-
dures. The first reporter said it took about 10 sec-
ondsto dor: his O, mask and he felt confusion during
the initial stages of the emergency. Since time of
useful consciousness is measured in seconds, at that
aitimide, he might have apprcached that length of
time and felt the effects of hypoxia. Both reporters
felt they had good training to handle single emer-
gency simatons. However, they felt that the lack of
compounded, multiple-emergency simularor train-
ing left them less prepared to cepe with this combi-
nation of happenir:zs than they would have liked.

36048 — While the aircraft was climbing
through FL210, the cabin altitude exceeded 18,000
feet and the cabin altitude warning hern sounded,
The crew donned their O, miasks and attempted all
recommended procedures to control the cabin alti-
tude (e.g.. selected standby; selected manual con-
troj; closed the outflow valve). They were unabile io
regain control, made an emergency descent, angd
returned to the point of departure. They made all
prescribed contact with ATC and followed com-
pany operating procedures for the emergency.

33192 — On climbout from Newark through
FL240, the crew experienced rapid loss of cabin
pressure. They tried all the recommended proce-
dures to control cabin pressure manually, then re-
guested and made emergency descent, and followad
emergency procedures.

Goob Crew INTERACTION, G 00D TRAINING, OR BOTH

29778 — The aircraft sustained 2 loss of pres-
surization. The cabin altitude climbed to 20,000
feet. The crew followed all emergency procedures.
The flight aticndants were cited by the repornicr for
doing a good job. This report had many indications
of good crew coordinatiosand flight attendant train-
ing in these procedures.

96377 — Thecabin altitude begantoe climb, for
no apparent reason, on an aircraft in cruise at
FL35¢. The crew attempted tznual contro!l but
were unsuccessful. They began an emergency de-
scent and were able 10 control the cabin altitude
when the aircrafi reached FL220. The descent was
done smoothly enough so thaf passengers w#—
unaware of it and the tlight continued to its des:

tion at the lower altitude. The following quote from
the reporter indicates a high level of preparedness
and professionalism: “As far as I'm concemed, this
was just anotherday in aviation. No big deal, but felt
it would be wise to inform you of the situation that
did ccour.”

Many of the crews involved in these ASRS re-
ports performed the required emergency proc.zdures
in the manner that they were supposed to, and
removed their aircraft and passengers frop* immedi-
ate danger. But a thread of ignorance -~ { wuportant
factors dealing with high-altitude physiclogy and
the dangers ir.volved, and the regulations rgarding
them runs through the reports.

A well-trained crew, conversant with emergency
procedures, knowledgeable of the regulations, and
familiar with the physiological dangers inherent in
high-altitude pressurized flight, can handie aimost
any emergency without further harm o alicraft,
crew, or passengers. However, the praceding ex-
ampies cite unfamiliarity with emergency proce-
dures, ignorance of the regulations, and a disregard
for the dangers which can accompany high-altitude
protlems. For the survival of crews, which in ium
provides ihem the ability to care for their aircrait and
its passengers, training should be provided in all
aspects of high-altitude flying rather than just the
role learning of a proper emergency desgent.

Although these reports do not represent the full
spectrum of aviation, they do show that incidents
occur which require that the crew have knowledge
cf high-aliimude physiology and the dangers in-
volved, the regulations governing those aspects of
flight, and the proper procedures for dealing with
emergencies. The reports also show that in many
cases, the crews appear to “e lacking some part of
the knowledge required for safe operation in the
high-altitude environment.

3. NATIONAL TRANSPORTATION SAFETY
BO.._..D REPORTS

The Naiional Transportation Safety Board
(NTSB) answered our request for information re-
garding accidents/incidents involving flight physi-
ology with eight reports from the time period 1573-
i%8Z. Of the eight reports, six dealt with specific
accidentsfincidents and two concerned special stud-
ies done by thie NTSB. Summaries of &l! the reports
canbeszenin Appendix B. The speci *studiescame
about as a result of other accidents/incidents which



generated common concems about ~pecific areas
such as chemically generated O, systems. We were
not given specific information about those acci-
dents/incidents, and they could have been included
in some of the other reports which we did receive.

‘While svme of the reports dealt with fires, some
with decom-pressions, and some with other safety
concems, all dealt with some form of oxygen system
in some manner. The following are illustrative:

+ Anin-flight B-707 fire in 1973 resulted in 124
fatalities and total destruction of the aircraft
after a successful emergency landing. The fire
was fed by material from the aircraft interior.
There was a shortage of protective breathing
equipment (PBE) with full facemaskstoallow
the crew to fight the fire, The lack of such
equipment was addressed.

+ ADC-9inCincinnati, Ohio,in 1983, had afire
in the lefi rear lav, made an emergency land-
ing, and evacuated the aircraft. The material in
the interior of the aircraft continued to bum
during the descent and evacuation, and 23
passengersdied. The NTSB citedashortage of
protective breathing equipment with full face
masks in the passenger cabin and accessible to
the crew. Anensuing amendment tothe FARs
required protective breathing equipment for
all crewmembers. In addition, there is an on-
going study of respiratory protection for pas-
sengers from toxic environments during air-
craft fires as a result of this accident.

As can be seen from the two previous report
summaries, addressing a problem is not synony-
mous with solving it. Ten years after the B-707 fire,
there were still insufficient protective breathing
masks for the entire crew. This lack reduced the
effectiveness of fire fighting efforts by the crew and
might have led to greater loss of life.

While the lack of equipment was a concem of the
above reports, other reports indicted lack of training
and Jefective equipment. The following report ex-
cerpts are illustrative of those:

= Several rapid decompressions involving DC-
10s and L-1011s have uncovered problems
with chen ally-gererated O, Systems. Most
of the problems have been atiributed to lack of
understanding of the systems by both passen-
gers and flight attendants.

« An in-flighi fire on board a Singapore-bound
L-1011 in 19%5 led to the discovery of mal-
functioning passenger O, system sequencing
valves. Some of the O, masks were neither
automatically presented nor were presented
when the system was actvated from the
engineer’s panel. An immediate Airworthi-
ness Directive (AD) was issued to comect
malfunctioning oxygeninitiator sequencetimer
swiiches.

While hypoxia, gas expansion, and other physi-
ological problems were not specifically addressed
by the repoits, these occurrences were still a prob-
ability, and some of them may have, in fact, been
expenienced by crew and passengers alike.

4. PHYSIOLOGICAL PROBLEMS AND
FLIGHT CREW UNIONS

Toascertain flight crew univn participationin the
investigation of physiological problems affecting
their members, seven unions were contacted by
telephone. Two of these unions represented pilots
and five represented flight attendants. To date, five
have responded. We were unable to contact repre-
sentatives for health and safety for APFA, repre-
senting American Airiine flight attendants, and the
APA, representing American Airline pilots.

ALPA, the largest of the unions, represenis pilots
on 50 different airlines. ALPA is well known forits
active participation in safety-related matters, but it
does not specifically keep files on flight physiology
problems. Although flight physiology might enter
into an investigation as a contributing factor to an
incident or accident, ALPA does noi treat flight
physiology as a single factor and keep records onit.

The Assecciation: of Flight Attendants (AFA), is
the largest of the flight attendant unions. Informa-
tion received from them, indicates that they deal
with physiclogical problems affecting their mem-
bers on a case-by-case basis, by gathering informa-
tion from member incident reports. If 2 significant
number are received, or an apparent trend develops,
they try to get the management of the company
involved 1o take corrective action. For example,
they have had 27 reported incidents of physiological
problems in the recent past on one airline. The first
18 appeared o be aircraft specific since they all
happened on MD-80 series aircrafi. However, since
that time there have been reports of simiiar symp-
toms on another aircraft type. The problems in-



cluded nausea, severe headaches, disorientaiion,
loss of motor “kiils, numbness, and other hypoxic
symptoms, and appeared to be altitude related (most
problems occurred with aircraft at a cruise altitude
in the high 30,000 foot range, such as 35,000 or
37,000 feet). If the flight attendants brougiy the
symptoms to the attention of the front-end crew
when diey fitst ootared, and if dre frontend crew
was able 10 make a descent of a few thousand feet,
most symptoms were reported to have disappeared.
However, in some cases, the symptoms lasted for
days. A point of interest is that this airline flies much
of its schedule in the higher latitudes where ozone
problems are more prevalent (in the higherlatitudes,
the troposphere is lower and the ozone layer altitude
varies with the troposphere). Some of the symptoms
T CATUSS QZUTIC UXPOSETE art Simdiar. T & quote rom
an FAA repon on the effects of ozone (FAA-AM-
79-20), some of the effects included “marked changes
inpulmonary function, malaise, muscle ache, cough,
wheezing, sputum production, substernal pain,
dyspnea (difficuity in breathing), fatigue, headache,
laryngitis, and nasal discharge.” Also, from the
same report, were accounts of subjecis whoese symp-
toms lasted from iess than four hours to three days.
In the incidents cited by AFA, cockpit crews ap-
peared not 1o be affected by the symptoms. This
might be explained with another quote from the
aforementioned FAA report; “Fewer complaints
from flight deck personnel than from cabin person-
nel may be related 1o the fact that most pilots and
flight engineers are males with relatively sedentary
duties, whereas most flight attendants are females
and are active in flight.” (The report also concluded
that females were maore subject to the symptoms
than males.) According to Richard Q. Reinhart,
M.D., in the January, 1989 issue of Business &
Commercial Aviation: “Increased activity also will
increase the nced for oxygen by the body. Flight
autendants on a busy trip can become hypoxic before
the cockpit crew who are physically inactive.” Al-
though Dr. Reinhant is specifically talking about
hypoxia, this would seem 1o paraliel the FAA repornt
quote regarding increased activity and ozone ef-
fects. Another consideration is the passengers. To
again quote the FAA report, “...it is more likely that
these conditions will occur in the passenger group,
whosc age and mediczl statvs are beyond the contrtl
or even knowledge of the airlines or the FAA”

The information regarding the recurrent fight
atendanl svmptoras was brought to the atentenof
the airline managemertt by AFA, with a request that
it be investigated further and rernedial action aken.

The airline did anumberof tests, including checking
the ozone filters on the aircraft, with no conclusive
results. The problems continue to be reported. Al-
though they hiave not been able to supply us with
copies of thei; files for documentation, they have
submitied copies of recent media coverage of this
series of probiems. According to the articles, the
aviliee s foand vorhing wirong and ferls the wnion
is fabricating problems. The media reports men-
tiored, however, that some passengers on the refer-
enced flights had complaints of physical ailmenis
similar to those of the flight attendants.

IFFA, the union representing TWA and former
Ozark flight attendants, reported keeping files on
many physiological problems. They participated
with oineT TREM Mmendan RToups mwia isreponed
to be a well-documenied report regarding the physi-
ological problems to be considered in duwy Mg rcgu-
lations, such as fatigue and concerns relatzd to high-
altitude pressurized flight for extended periods.
(Duty rigs govern suchi things as daily, monthly, and
annual flight time, scheduled flight time versus
actual flight time, scheduled time on duty, minimum
scheduled rest time between trips, etc.} This report
was submitied to the FAA Tor study {date unknown)
but no definitive answer has been iforthcoming.
Qtherinformation currently being gathered by IFFA
includes reports on cabin air quality and the long-
term effects associated with jet flight. The latter are
just beginning to surface and IFFA is interesied in
tracking them. IFFA also participates, as do other
flight atiendant unions, in quarterly maeetings of uhe
Coalition of Flight Altendants. This group was
formed approximaiely five years ago to study new
research and investigate reporis of safety and health
problems encountered by their members, many of
which involve areas of flight physiology. Inciuded
in the group are counterpans from airfdines in other
parts of the world. The representative of IFFA with
whom wetalked reported that the Coalition received
quite 2 bii of information from research being done
in other countries. However, an apparent shortage
exists of research information from sources in this
country. This was an opinion reportedly shared by
the flight attendant unions but we have been unable
1o get further specific information. IFFA is also
involved in other physiology projects not related ¢
altitude, such as galley cart design and the carpal
tunnel syndrome involved in use of present design
carts. The IFFA representative spoke of IFFA’s
willingness io sham information and pamicipye
any forum which would seek 1o betier the safety and
health of their members.



The IBT, Local 2707, represents flight attendants
from Northwest and World Airlines, and the former
Flying Tiger people who were absorbed by Federal
Express. Although they also participate in the Coa-
lition of Flight Attendant Unions, unlike IFFA, they
do not keep extensive files on the information ex-
changed according to their representative. The only
files which they keep pertain to individual cases
involving litigation against an airline by one of their
members. None currently on hand were relevant to
our interest.

IUFA, the union representing Pan Am flight
attendants, has kept files conceming member physi-
ological problems for some time. They shared with
us copies of files dating back as far as the tate 1970s.
Most related to poor air quality and/or circulation in
aircraft cabins and mentioned a number of aircraft
types from 747 to A310. The symptoms mentioned
in the files range from typical hypoxic symptoms to
pacumonia. Some were concemed with the effects
of ozone on long, high-altitude flights, especially
those in the higher latitudes. Others are concerned
withlow airflow in the cabin at cruise altitudes when
passenger service is at its peak. Examples of this
problem surface on the 747, which often cruises
with only two packs out of three available packs in
operation; with the L-1011, which has had com-
plaints of poor air circulation in the aft cabin; and
with the A-310, which has an Econo Fuel Valve
which is supposed to reduce bleed air flow from the
engines through the air conditioning packs in favor
of better fuel economy. The latier supposedly af-
fects both the volume of air and the rate at whichthe
air in the cabin is circulated. This has produced
many complaints of hypoxic symptoms from flight
attendants during periods of high activity, such as a
meal service with a full load of passengers. Also,
when a number of passengers are smoking, the
reduced air circulation is reported as being inad-
equate to keep the cabin relatively clear of smoke.
Recurring physiological complaipts of a similar
nature have been forwarded to company manage-
ment. The company has set policies which allow for
maximum air flow to be used if requested by the
purser, however this is reportedly not often fol-
lowed, and the cabin crews report continuing 1o
work in conditions of inadequate air flow. We found
out from another source that when the aircraft is
carrying over 165 passengers, it is company policy
that the Econo Fuel Valve not be utilized. Another
comment from this source indicates that because of
aircraft capabilities, the aircraft is able 10 reach
higher cruising altitudes earlier in the flight than
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older-generation aircrait, thus exposing crews to
higher cabin altitudes for a longer period of time.
This would be accentuateé by coinciding withheavier
cabin crew workload during meal service.

The above unions represent most unionized flight
crewmembers in this country. Of the five respond-
ing unions, although three unions keep files on
physiological problems, many of the files do not
pertain to altitude-related physiology. IUFA sent
copies of a number of their files on air quality. The
reports detailed problems from inadequate aircircu-
lation in cruise which led to hypoxic symptoms, to
concems about ozone on extended high altitude,
high latitude flights. The ozone reports gave ex-
amples of physical symptoms reported by flight
crewmembers. IFFA has files on many issues re-
garding flight physiology, ranging from air quality
1o galiey cart design. Their air quality files repornt-
edly show the same concerns as those of IUFA,
along with many of the same symptoms, and they
have indicated a willingness to share any files we
might request. AFA, does have some files but are not
aware of any pertaining to this study other than the
aforementioned ones dealing with reported hypoxic
and other symptoms at cruise altifudes occurring on
one airline. One common usage of all these files is
to document problem areas for presentation to the
airlines to seek to rectify the perceived problems.

None of the unions with which we spoke engaged
in physiclogical education of their members, re-
garding that as a company function. However, all
expressed concern about the physiclogical effects
ontheirmembers of high-altitude flight in the short-
term and the long-term. One apprehension con-
cemed the ability of crewmembers suffering from
shorn-term adverse physiological c.fects 1o ad-
equately aid their passengers in the event of decom-
pression.

5. AVIATION TRAINING CENTERS

Discussions were held with training personmel
from nine aviation training schools to determine
how many included flight physiology training in
their curricula. The schools were sclected from the
list in the World Aviation Directory (WAD) and
were chosen as examples of universitics, colleges,
and professional training organizations engaged in
flight training. Four schools engaged in various
phases of training from ab initio to corporate recur-
rent. Three were examples of university flight train-
ing departments which offered undergraduate and



Ohio |Simu-|[Embry-[Flight Univ. | Parks | Flighit | Univ. | Northwest |
State Intl, ;| of Safety| of |Aerospace
Univ.| flite {Riddle| Inc. | North [College; Intl. S. | Training.
Dakota Catit. Corp.
ALTITUDE RELATED
{Hypoxia X X X X X X X
rapped gases X X X X X
Decompression & evolved gases | X X X X X X
Oxygen equipment X X X X simulator
Altitude chamber use available included i
Time of useful consciousness at X X no no no X
different altitudes mention mention mention
Ozone & radiation X X ozone
- OTHERS
Stress X X X X X
Visual problems X X X X X X
Spatial disorientation X X X X
Attention anomalies X X )¢ X
Hyperventilation X X X X X X
Self medication X X X X X
EfYects of alcohol X X X X X X
Diet & nutrition X X X X X
Fatigue X X X
Heat X X X
Acceleration X X X
INoise & vibration X X X X
Smoke & fumes X X X
CRM (recognition of symptoms) X X

TABLE 1 - SCHOOL PHYSIOLOGY CURRICULA




advanced degree courses and preparation for FAA
flight ratings; one of these has alse done ab initio
training for at lcast two airlines. The remaining two
training ceniers were colleges that specialized in
flight training and education - one with courses to
provide preparation for FAA ratings of varying
kinds; and one with degree-conferring courses of
study which also provided preparation for FAA
flight ratings.

The other schools contacted varied in their teach-
ing of flight physiology, as can be seen in Table 1.
Flight Intemational, Inc., which does training from
ab initio to corporate refresher and lists 22 locations
for training, states that they do no training in flight
physiology. Ohio State, Embry-Riddle, University
of Southem California, and University of North
Dakota are examples of schools which oifer exten-
sive courses of a semester or more in length.

Of the nine aviation schools, seven include some
subjects in altitude-related physiology and teach
hypoxia, its effects, and how to deal with it. The
causes and effects of trapped gases are taught by five
schools. Six include information on decompression
and evolved gases. The use of oxygen equipment is
a classroom subject for four schools and is ad-
dressed during simulator sessions by a fifth. The use
of an altitude chamber to illustrate hypoxic effects
and teach self-recognition is included in the course
of study at one schooi and is made available to
students at a second. The time of useful conscious-
ness atvarious altitudesis mentioned at three schools,
according to their cwrricula. The effects of ozone
and radiation at varying altitudes and latitudes is
included in course matter at two of the facilities;
another does not teach radiation effects but does
cover the effects of ozone.

Flight physiology cumicula included subjects
other than those related to altitude. Four schools had
very extensive courses, as can be seen from Tabie 1.
Six addressed visual problems, hyperventilation,
and the effects of alcohol. Five dealt with siress,
self-medication, and diet and nutrition. Fous schools
covered spatial disorientation, atiention anomalies,
and, noise and vibration. Three spoke to the effects
of fatigue, heat, acceleration, and smoke and fumes.
Two of the facilities had course material dealing
with cockpit resource management

(CRM) as it pertained to the recognition of inca-
pacitation in fellow crewmembers and the necessity
to take action because of it.

Ohio State and Embry-Riddle have flight physi-

" ology courses as part oi their academic curricula.

The University of Southern Califomia teaches flight
physiology as a part of their “Aviation Safety Pro-
gram Management” course. Individual aspects of
flight physiology are taught in a number of their
other courses, as well. The University of North
Dakota has an ab initio course designed to take zero-
time students and train them to entry-level standards
for regional air carriers. They report having trained
such pilots for Evergreen and Gulf Air, among
others. Their curricutum includes a course in flight
physiology, which is also made available to any of
their other students, such as corporate and commer-
cial recurrent students. North Dakota reports having
the only altitude chamber not cennected with the
military or the FAA in this country. Flight Safety
International teaches little flight physiology, only
the effects of alcohol and hypoxia. The latter is
taught only in their CRM course as it pertains to
recognition of incapacitation. However, any of their
instructors who will be teaching in jets are required
totake analtitude chamber session, and they strongly
recommend to their students who are tansitioning
inio jets that they take a chamber ride also. Their
instructorstake the altitude chamber familiarization
and ride given at the FAA’s CAMI in Oklazhoma
City. Simuflite trains corporate pilots and has con-
tracts with some government agencies to do training
in small aircraft for them. Their jet indoctrination
includes three days of high-altitude pilotage which
incorporates two hours of flight physiology. The
contents of all the mentioned courses can be seen in
Table 1.

From the information received, it is apparent that
there are organizations that do provide instruction in
flight physiology. Some of them presently have
longer courses than might be applicable for general
civilian flight personnel education. However, more
abbreviated courses could be developed. Other
schools provide short courses. From the information
on current flight physiology training that we te-
ceived through our small sampling, and given the
large number of schools available countrywide, it is
clear thatuseful curricula currently exist for provid-
ing flight physiology training to airline and corpo-
rate flight crews and general aviation pilots.

6. AIRLINE FLIGHT PHYSIOLOGY TRAIN-
ING

FAR 121.417, “Crewmember Emergency Train-
ing,” specifies in section {(¢) that “crewmembers



who serve in operations above 25,000 feet must
receive instructions in the following:

{1) Respimation.
(2) Hypoxia.

(3) Durationofconsciousness without supple-

mental oxygen at altitude.
@
6
®

Gas expansion.
Gas bubble formation.

Physical phenomena and incidents of de-

FAR 135.331(d) specifies exactly the same re-
quirements.

To determine what training is being conducted in
the airline segment of the industry, we gathered
information on six airlines. Represeniatives of the
training departments of four airlines responded with
informationon what training they carried out. Train-
ing at a fifth airline was recalled from personal
involvement of one of the writers. Information on
recurrent training for two airlines was presented by
pilots from those airlines, and from a flight attendant
representative of one airline we received informa-
tion on flight attendant training.

All five airlines profess to meet the minimum
requirements of FAR 121.417, but the depth and
method of training varies widely. Two of the airlines
use old GI films put in video tape format. One airline
uses a combination of films, videos, slides, lectures,
and handouts. Another airline gives all new-hire
pilots a book on high-altitude jet flight. This encom-
passes many subjects, including flight physiology.
This is presented to the pilots as mandatory reading,
and is the only exposure to the subject that they
receive in indoctrination. The training i 2presenta-
tives with whom wetalked were only able to provide
information on pilot training, except for one airline
where indoctrination training in flight physiology
wasidentical forpilots and flight atiendants, accord-
ing 1o its 1raining represeniative.

Recurrent training in the subject of flight physi-
ology is required by FAR on an “as required” and
“as appropriate” basis. This allows the airlines a
great deal of discretion in the selection of subjects
and the frequency of coverage. One airline does not
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cover all subjects on an annuat basis but does go
through the list of subjects in recurrent reviews on
about a four-year cycle. Another airline does not
have recurrent training in flight physiology. Other
airfines review subjects when they are relevant to
incidents that have occurred in the industry in the
recent past, but provide no planned recurrent train-
ing in that subject.

Review of annual, recurrent-training, home-study
magerials from two of the five airlines was con-
ducted by a pilot from each airline. The material
from one airline consisted of quarterly handouts. A
review of six handouts revealed three mentions of
subjects related to flight physiology: (1) in a review
of pressarization, the time of useful consciousness
(TUC) for FL350 was given as an example; (2)
another section presented a review of oxygen sys-
tems; and (3) one quarterly recurrent presented a
table of TUCs at varicus altitudes. The annual,
home-study, open-book exam for the other airline
was reviewed for references to flight physiology by
the pilot taking the recurrent exam. There was one
question regarding explosive decompression and
time of useful consciousness.

The actual use of oxygen equipment is practiced
in simulator recurrent training for emergency de-
scent in the event of rapid¢ decompression. This
training is mandated by FAR and is carried out on a
semiannuat basis for Captains and on an arnual
basis for other flight officers for the airlines studied,
and presumably for all airlines.

Most of the airline representatives with whom we
spoke had information regarding pilot training only
and could give us no information regarding flight
aftendant training. One airline stated that initial
training was the samme for pilots and flight attendants
with recurrent training directed to equipment more
likely to be used by that group, i.¢., quick-donning
oxygen masks reviewed by pilots. One union repre-
sentative sent copies of flight atiendant manual
excerpts regarding the training she had received.
She stated that this material was representative of
the indoctrination training received and was their
sole reference for aliimde-related flight physiology
review. Three related subjects were covered: (1) the
indications of cabin pressure loss and actions to be
taken; (2) the symptoms of hypoxia; and (3) a chant
oftimes of useful consciousness at various altitudes.
The chartof TUCs showed times which werelonger,
and considerably longer in some cases, than those
shown in another airline’s chart or some of those in



the Bioastronautics Data Book. What source the
airline used forits information wasnot stated and the
chant appeared to give information which would
give crewmembers a false irmpression of the amount
of time that they could function without supplemen-
tal oxygen. We feel thisis information which should
come from a common source for any airline and
should be subject o POI review to assure that the
correct information is presented.

Some concerns are raised by this review of flight
physiology training by airlines. They are as follows:

The requirement for flight physiology train-
ingasstatedin FAR 121.417 isfor those crews
flying above 25,000 feet - The Airman’s Infor-
mation Manual { AIM) states that *"For optimurm
protection, pilots are encouraged to use supple-
mental oxygenabove 10,000feet during the day,
and above 5,000 feet at night ™ Other experts in
the industry agree with those figures. We have a
great deal of concem over the apparent discrep-
ancy between the AIM recommendations and
the requirement for training only those
crewmnembers serving above 25,000 feet.

While pressurized aircraft offer protectionagainst
many of the effects of altitude, the insidious
onset of hypoxia due to a pressurization leak can
be very difficult to detect. To quote FAA Advi-
sory Circular $1-8B, “A common misconcep-
tion exists among pilots who have not completed
physiological training that it is possible o know
the symptoms of hypoxia and then to take cor-
rective measures once the symptoms are noted.
This concept is appealing because it allows all
action, both preventive and corrective, to be
postponed until the actual occurrence, Unforte-
nately, thistheoryis both false and dangerous for
the unrained crewmember, since one of the
earliesteffectsof hypoxiaisimpairment of judg-
ment. Although a deterioration: in night vision
occurs atacabinpressure aftitude asiowas 5,000
feet, other significant effects of altitude hypoxia
usuaily do not occur in normal healthy pilots
below 12,000 feet. From 12 200 to 15,000 feet
aliitude, in addition to impairment of judgment,
memory, alertness, and coordination being af-
fected, headache, drowsiness, and either a sense
of well-being or of imitability may occur. These
effectsincrease with shorter periods of exposure
to higher altitude.” The following quote would
seem to indicate the need for training in flight
physiology for all crewmembers flying above
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10,000 feet, regardless of the particular altitude
flown above that. “In exposure to altitudes be-
low 10,000 feet, the effects of hypoxia on the
pilot are mild and acceplable. Above this alti-
tude, human performance degrades very rap-
idly.” (AC 91-8B) Another quote is even mai
specific; *"Visual thresholds have beenshownto
increase at altitudes above 4,000 feet, probably
because of the very highoxygen requirements of
the light-sensing cells in the eye. Impairment of
ability 1o leamn new complex tasks has been
demonstrated at 8,000 feet; impairment of recent
memory, judgment and ability to perform com-
plex catculations are seen at altitudes in the
neighborhood of 10,000 feet (Bivastronautics
Data Book NASA SP-3006).” In consideration of
the aforementioned, perhaps the alttude men-
tioned in FARs 121417 (¢) and 135.331 (@)
should be lowered to 10,000 feet.

There is a lack of altitude chamber training
for airline flight personnel - Any pilot trained
in the military is required to take altitude cham-
ber runs for indoctrination and for recurrent.
Recurrent training is on a three-year basis for the
Ammy and the Air Force. The Navy is on a four-
year recurrent cycle. If the individual pilot is
scheduled for a new tour of duty in less than the
scheduled recurrent cycle, they must take recur-
rent prior to the new tour of duty. Civilian pilots
nomally are not exposed to this training. The
AIM says: “Since the symptoms of hypoxia do
not vary in an individual, the ability to recognize
hypoxia can be greatly improved by experienc-
ing and witnessing the effects of hypoxia during
an altitude chamber *flight.” Since the military
services require altitude chamber flights fortheir
flying personnel and for passengers in some of
their aircraft types, and the AIM recommends
this training for recognition of hypoxia, we think
it only logical that it be required by FAR that
civilian pilots have at least an initial aldtude
chamber flight. The current altinde chamber
runs used by the US. Navy for their mult-
engine flight crews are low altitude (8,000 to
25,000 feet), and they are considering doing a
feasibility study on the use of mixed, inert gases
to produce hypoxic effects at sealevel pressures.
According to the spokesman we contacted, if
this proves feasible, theirintentistc replace most
oftheirrecurrent training altitude chamber flights
with this use of gases. We are told, however, that
this is not an official Navy position. We think
this could be a sensible altemative to the altitude



chamber for civilian pilot training in the recog-
nitior: of hypoxic symptoms, both from safety
and econonic perspectives.

The amount of training given flight atten-
dants versus pilots seems to vary - From the
reports of flight attendant union representatives,
we were given the impression that although the
letter of the FARs might have been met in
indoctrinasion, the depth of knowledge resulting
was less than that of the pilot group. Although
the job functions are not similar, it has been
sugpested that flight attenxiants are more subject
than pilots to the effects of hypoxia because of
their higher activity level during flight. They
maust also deal with passengers who might be
subject o hypoxia. Forthese reasons we feel that
flight attendants should receive as thorough train-
inginaltitude-related flight physiclogy as pilots.

The subject matter required by FAR for
flight physiology training doesnot cover some
subjects relevant for safe operation - The
subject list covered in military flight training is
more extensive and includes a number of sub-
jects covered also in the section on “Fitmess For
Flight” in the AIM. We feel that subjects such as
acceleration and force fields, stress, fatigue, and
spatial orientation should be included in fight
physiology training for pilots. Since most of
these are not pertinent to the flight attendant job,
traiiting for that group in these subjects should
not be necessary.

The FARs leave a great deal of room for
interpretation regarding the necessity and
frequencyofrecurrenttrainingin flight physi-
clogy - Flight physiology training is mandated
*‘as required” and “as appropriate.” We feel that
the FARs should specify a time period within
which all required subjects must be reviewed by
all flight crewmembers.

The subject matter presented in indoctrination by
the airlines contacted appeared to cover the require-
menis set out by the FARSs for flight crewmember
training. The degree to which the subjects were
covered varied widely, and the effectiveness of each
program was impossible forusto judge. The amount
and frequency of recurrent training in those subjects
also varied. Although our sampling of airlines was
quite limited, we feel that it provides a good ex-
ample of what goes on in the industry. We also fecl
that serious consideration should be given to the
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following:

» Times of useful consciousness tables should
emanate from a single, authoritative source
and should be common throughout the indus-
try.

« Training mandated by the FARs should be for
any flight crews flying above 10,000 feet as
opposed to the preseni 25,000 foot require-
ment.

« Training for recognition of hypoxia shouid be
required for civilian pilots. Ideally, this could
take the form of altitude chamber flights or the
use of mixed gases as is being investigated by
the Navy.

« Training given flight attendants should be as
thorough and informative as that given pilots.
‘While the training could be oriented more
specifically to eachtask, the basic information
on flight physiology should be the same.

» Recurrent training in altitude-related flight
physiology should be mandated at specific
intervals by FAR and should review all sub-
jects required for initial indoctrination.

7. TRAINING BY OTHER GROUPS

In order to determine what physiology training
was done in aviation other than by the airlines, we
contacied Beech Aircraft Corp., Cessna Aircraft
Co., Gulfstream Aerospace Corp.. Mooney Aircraft
Corp., Piper Aircraft Corp., the Aircraft Owners and
Pilots Association (AOPA), the National Business
Aircraft Association (NBAA), the U.S. Air Force,
the U.S. Army, and the U.S. Navy.

Four of the airframe manufacturers provide con-
tract training for new customers at delivery of the
aircraft. Beech, Cessna, and Mooney provide cus-
tomers that are taking delivery of an aircraft with a
check-out at the nearby Flight Safety International
facility. (As can be seen from the section on schools
and reference to Table 1, Flight Safety International
provi-_s no altitude-related fiight physiology train-
ing with the exception of the proper use of an oxygen
mask. They discuss the recognitionof hypoxic symp-
toms in other crewmembers as a part of CRM
courses for multiple-crew aircrafi. The effects of
alcohol at altitude are also mentioned.)



Gulfstream varies the training as a function of
what the customer requests and what the contract
amount calis for. The basic contract calls for pilots
to have two weeks training at the local Flight Safety
International facility with additional training in the
aircraft with Gulfstream training personnel. Once
again, a minimum of flight physiology training is
involved. However, Gulfstream recommends
strongly to each customer that they get additional
training in flight physiclogy. Since the training is
not required by FAR and is an expense to the
customer, Gulfstream philosophy is to recommend
and leave it to the customer to foliow through. Since
most of the pilots for their customers are former
military, they have had ptior training in most aspects
of flight physiology and would need recurrent train-
ing only.

Piper provides aircraft check-out for their cus-
tomers with their own personnel. For customers
buying pressurized aircraft, training is given in the
use of the pressurization system. There is also brief
mention made of hypoxia and time of useful con-
sciousness (TUC) at altitude without oxygen, ac-
cording to a Piper spokesman. Piper has in their
inventory a pressurized turbo-prop, the Cheyenne
400, which is capable of altitudes up to 41,000 feet.
The nominal TUC at that altitude is 10-16 seconds.
If the aircraft sustains a rapid decompression, the
pilot needs to recognize the event immediately and
take action to sustain life very quickly. For this
reason, Piper recommends that its pressurized air-
craft customerstake an altitude chamber ride. While
FAR 91.32 mandates when oxygen must be used, it
doesnot require training in depressurization orother
altitude-related physiology.

A point of interest is that Beech and Cessna send
their own pilots to the Civii Acromedical Institute
(CAMI) in Oklahoma City for training in high-
altitude physiology, including a ride in the altitude
chamber. Beech requires this before a pilot becomes
aircraft commander in any pressurized aircraft. No
schedule is set for this. When they have a group that
needs the training, they transport them 0 and from
the one-day course. At Cessnathis is not mandatory,
but is also done on an irregular schedule. Cessna
pays all expenses incurred and provides transporta-
tion. Most of their pilots are former military and
have had this training before, but Cessna feels the
recurrent is important. Piper also recommends this
totheirpilots when and if they candoit, and suggests
taking refresher at nearby MacDill Air Force Base.
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AOQPA was contacted to determine if flight physi-
ology training was something which they offered
their members. The spokesman with whom we
taiked said that they had no involvement in: that.

The NBAA spokesman said that at present, they
do no training in flight physiology. They do have
annual four-day seminars for different groups within
their membership (e.g., pilots, maintenance, man-
agement), and said they would like to have informa-
tion on flight physiology to present at those semi-
nars involving aircraft flight crews.

The peopie contacted who provided the most
information on flight physiology training were those
in the military. Military pilots receive the most
thorough training in physiology and the information
that the services sent to us was quite complete.

The U.S. Air Force structures their physiology
training somewhat differently for members of the
three basic groups of pilot and other flying person-
nel. The groups are (TARF) trainer, attack, recon-
naissance, fighter, (TTB) tanker, transport, bomber;
and (L&S) low and slow. Since the only two which
would have parallels in civilian flying are the TTB
and L&S groups, only those are represented here.
Pilots receive a 46-hour curriculum in Undergradu-
ate Pilot Training (UPT) with four altitude chamiber
flights. Navigators receive a 50-hour curriculum
with three chamber flights. Other members of the
primary crew receive the 24-hour original course
with three chamber flights. Operational support
flying personnel receive a 12-hour course with two
chamber flights.

There are minor variations in the academics for
the two groups. The TTB group receives additional
training in crew coordination (CRM) and situational
awareness. The L&S group receives additional
emphasis on noise, vibr. .on, and low-altitude hy-
poxia. Altitude chamber training in initial training
consists of the specified number of rides, including
a high-altitude rapid decompression flighi, and in-
cludes altitudes to 43,000 feet. When pilots enter
advanced training in the T-38, additional training is
received. At the time of assignment to a squadron,
further specialized training is received in the aircraft
to be flown. The general subjects covered in initial
training consist of the following:

Physiological effects of altitude. This covers
the characteristics of the aunosphere; anatomy
and physiclegy of circulation and respiration;



circulatory and respiratory responsestoenviron-
mental stresses; hypoxia and hyperventilation,
their causes, preventicn, recognition, and treat-
ment; and the physiology of trapped and evolved
gas problems, including cause, prevention, rec-
ognition, and treatment.

Human factors. Covered are seH-imposed
stresses, Oxygen discipline (the use of masks at
the proper times), aicohol, carbon monoxide,
blood donation by the pilot and the effects thereof,
shock, extreries o< temperature, dict, dehydra-
tion, drugs, fatigue, circadian rhythms, physical
fitness, and psychophysiological factors (exces-
sive motivation to succeed, over-confidence,
personal problems, supervisor and peer pres-
sure, {ask samration, and anomalies of aten-
tion.)

Oxygen equipment. Deals with the various
types of oxygen masks and regulators; aircraft
oxygen systems; gas, liquid, on-board oxygen
generation systems and chemical oxygen; ser-
vicing procedures; and the emergency use and
inspection of this equipment.

Cabin pressurization and decompression.
Teaches the principles of cabin pressurization,
rapid and slow decompression and theirhazazds,
and the precautions to take. Includes procedures
to be followed after any cabin depressurization
and their physical and physiological conse-
quences.

Pressure breathing. Deals with the need for
pressure breathing, its limitations, pressure
breathing techmiques, and the precautions to
take.

Principles and problemsof vision. Teaches the
basic anatomy and physiclogy of day and night
vision, factors affecting vision, dark adapiation,
scanning methods, and flashblindness. Includes
a demonstration in the night vision trainer and
practice in 1 cthods of improving night vision.

Spatial disorientation and ofher sensory phe-
nomena. Teaches how the body orients itselfont
the ground and compares this with the effects of
flight. Includes an explanation of the central and
peripheral visual modes and their effects on
orientation. Alsc, covers problems associated
with the distortion of plexiglas, size and distance
illusions and motion sickness. All undergradu-
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ate flight trainces are given a ride in the spatial
disorientation demonstrator.

Noiseand vibration. Teaches the basic anatomy
of hearing. Discussion includes the harmfui ef-
fects of exposure to hazardous noise and vibra-
tion, and means o avoid overexposure,

Speed. Deals with aeromedical aspects of high-
speed flight, aircraft ejection, flight instruments,
cockpit temperatures, closure rate, visual prob-
lems, ete.

Acceleration. Teaches the physical and physi-
ologicaleffects of accelerative forces (G-forces),
human tolerance, and means used to raise G
tolerarce and endurance.

Prechamber flight indoctrination. Teaches
the purpose of the altitude chamber flight and the
chamber flight profiles.

This listing does not include training not perti-
nent to civilian aircraft such as use of ejection seats
and escape procedures. However, it does include
training which is not directly altitude related which
iflustrates the thoroughness of training which exists
in the AirForce and the emphasis that they place on

all aspects of flight physiology.

Recurrent training for Air Force flight crews is
normally scheduled every three years. However, if
a flight crewmembser is to be assigned overseas for
a period of 36 months or less and currency in flight
physiclogy training and altitude chamber will ex-
pire when they are overscas, they must renew their
currency prior 10 deployment. Recurrent training
includes a six to eight hour academic refresher
tailored 1o the specific major weapons system and a
ride in the altitude chamber. The L&S group covers
self-medication, alcohol, diet and nuirition, heat,
fatigue, including that generated by noise and vibra-
tion, trapped gas, decompression sickness, hypoxia,
hyperventilation, smoke and fumes, anomalies of
attention, air crew coordination training, and spatial
disorientation. The TTB group acadzmic recurrert
includes air crew coondination training, alcohol,
anomaliesof attention, effects of dehydration (heat),
hyperventilation, evolved gas decompression sick-
ness, smoke and fumes, and spatial disorientation.
The recurrent altitude chamber flight also differs
between the two groups. The recurrent chamberridc
for the L&S group does not involve altitudes as high
as that for the TTB group.



The U.S. Ammy Scheol of Aviation Medicine at
Fort Rucker, Alabama does flight physiclogy train-
ing for Army fixed and rotary wing pilots, foreign
military students, U.S. AirForce rotary wing pilots,
and EURQ/NATO rotary wing pilots. They process
about 8,000 pilots per year and have the anecdotal
reputation of giving the best training available. The
academic subject matter covered is basically the
same as that covered by the Air Force, and the
interval for recurrent is the same, three years. The
Army provides the same three chamber rides as the
U.S. Air Force to Initial Entry Rotary Wing Air
Force pilois which include a high-altitude rapid
decompression and altitudes o 43,000 feet. One
difference in the instruction is the altitude chamber
training. The Army training uses 25,000 feet to
demonstrate hypoxia and 13,000 fect 10 illustrate
night vision problems,

The U.S. Navy changed their physiology pro-
gram about eight years ago. From the information
given us during telephone conversations with the
Navy, and from the lessca plans submitted to us, it
appears that their program uses more of a “shotgun”
approach (according to their spokesman) than the
AirForce and the Army. They cover more subjects
in broader detail. Lessons on the following topics
are given in indoctrination:

< Hypoxia

« Hyperventiiation, trapped gases, and decom-
pression sickness.

* Stress.

e Self-imposed strzss.
 Spatial orientation.
» Visual problems.

= Night vision, including spatial orientation
demo.

» Acceleration and force fields.

« Oxygen equipment.

» Aititude chamber brief.

QOther subjects included in indectrination deal

with survival, ejection seats, egress training, eic. but
have no pertinence for this study. These subjects are
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al; used for recurrent training, but the amount of
coverage is left to the insiructor to determine ac-
cording 1o the amount of time he has available.

Altitude chamber rides are required for all Navy
crewmembers ininitial training, but not for helicop-
ter pilots thereafter. Recurrent training takes place
every four years or with each new operational tour
of duty, whichever is less. The Navy altitude cham-
ber ride involves altitudes lower than the other two
services. The Navy currently is using what they term
“Sneaky Pete” runs. The chamber starts at 8,000 feet
and pressure is bled off slowly to not more than
25,000 feet to demonstrate the effects of a slow
aircraft pressure leak. This provides a good demon-
stration of the effects of hypoxia but doesn’t stress
the body as much as the high-altitude chamber runs.
The Navy is considering a feasibility study to assess
the use of mixed gzses in lieu of altitude chamber
flights in response to a 1989 Naval Aviation Physi-
ology Program Review. According to aNavy spokes-
mar, the mixed gases could be used in simulators
and would allow recurrent training throughout the
fleet without the use of altitude chambers. The
thought is to give indoctrination, and perhaps the
first recurteny, in the aliitude chamber, and any
further training would use inert gases to provide the
hypoxic effects. We have been teid that this is cnly
a consideration and not ar. official position. Accord-
ing to the Navy spokesman with whom we talked,
the U.S. Air Force and the Canadian services inves-
tigated the use of gases and decided not o pursue it.
Accerding to an Air Force spokesman “the Air
Force evaluated a proposal to use mixed gases to
produce hypoxia at ground level and rejected the
proposal on the basis of risk to the student, difficulty
in ensuring quality control of the gas mtix, lack of
realistic training, and negative training outcome.”

One other change in Navy training includes the
introduction of cockpit resource management. lis
inclusionis being urged by a former Navy flier, now
a civilian and experimental psychologist.

In investigating the other sources of training and
depth of training provided in other areas of aviation
besides the airlines, it seems obvious that the great-
est amount of training is being done in the military.
While a good deal of the academic training they
provide is not directly related to altitude, they feel
the other subjects have sufficient imporance to
warrant inclusion in initial indoctrination and recur-
rent training. The subjects they include in their
curricuia and the emphasis placed on them and




exposure to an altitude chamber might serve as a
model for a core curriculum for fiight physiology
training in the civilian sector.

8. EXPERT OPINION PAPER REVIEW

The Expert Opinion Paper presented in Appendix
A represents the views of a retired USAF fighter
instructor pilot well versed in USAF flight physiol-
ogy training. Joseph L. Vogel is currently employed
as an Adjunct Assistant Professor teaching flight
physiology in the aviation department of a major
university. The recommendations he made in this
paper ate listed below with our comments.

It is my recommendation that the basic core
curriculurn be the same for gll pilots regardless
of their ratings or the type of equipment they are
flying.

We basically agree with this position. Qurrecom-
mendation would require this for any pilot likely 1o
operzate above 10,006 feet.

All pilots should receive a thorough academic
indoctrination conceming physiological prob-
lems that relate to reductions in performance
with the onset of a hypoxic condition.

"The effects of hyp -xia and how they affect each
individual should be a required part of the core
curriculum.

Al pilots should receive training about factors
that produce performance decrements such as
stress, sleep deprivation, fatigue, alcohol and
drug use. Smoking, diet, and aging should be a
part of the course. Recognition of those symp-
toms, and the corrective actions that must be
taken, should be a centerpoint in the course.

These recommended additions to the core cur-
riculum are very similar 10 our recommendations
made in the report summary. Although we recog-
nize that not all of these are altitude-related physi-
ological concems, they are of sufficient importance
to warrant inclusion in the expanded curriculum.

Any person whois to fly any aircraft capable
of operating in the Physiological Deficient
Zone (12,000 to 50,000 feet) or above should
be required to take a full physiological train-
ing course including the altitude chamber
“flight”* and to continie to receive recurrent
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training at least gonce every five years.

We found evidence o support the addition of
altiude chamber flights to mandated training (see
SUMMARY). The interval between recurrent train-
ing periods is not a subject on which many agree.
Mr. Vogel indicated that the Air Force School of
Av. ition Medicine may be recommending a five-
year interval between recurrent training sessions.
However, the Chief, Aerospace Physiology of the
Surgeon General's Office of the Air Force states:
“At this time, the USAF School of Aerospace Medi-
cine would have no basis forrecommending achange
in training frequency, either greater thanor lessthan
every three years.” The Army recurrent training
interval is the same as the Air Force and the Navy
has an interval of four years. On the subiect of
recumrent trainitng in flight physiology, we tend to
agree with the majority and feel that three vearsisa
good interval,

All pilots should receive training and be able 1o
recognize that adequate nutrition and good physi-
cal conditioning also play asignificant partinthe
pilot’s capability to fly safely.

These are also good subjects for inclusion in the
expanded curriculum.

Recommend that items beyord the core curricu-
lum for instrument-rated pilots flying aircraft
capable of blind flight would cover spatial dis-
orientation. visual illusions, and false sensa-
tions. Piiots should experience disorientation in
the Barany Chair, the Vertigon or the Vertifuge
wherever possible.

Oneexceptionto theequipmenthypothesis would
be the proposed requirement that all flight
instructors be required to take the full academic
and chamber flight curriculum.

We agree that the academic subject:: mentioned
should be included in the expanded curriculum.
However, we do not feel that exposure to these
subjecis should be limited to only instrument pilots
or instructors. A ride in the Barany Chair, the
Yertigon, or the Vertifuge could provide additional
experience; however, the additionsl expense in-
volved could prove prohibitive for the general pilot
population,

Recommend that commercial pilots and airline
transport pilots be required to take the full course



including the altirude chamber, the Barany chair,
and rapid decompression.

We recommend that all pilots be required to take
expanded flight physiology training. We feel that
the addition of aititude chamber training, including
arapid decompression, to that academic training can
be supportzd. As mentioned above, although the
Barany Chair could provide valuable experience, it
might not be cost effective for many pilots.

9. ADDITIONAL PHYSIOLOGICAL CON-
CERNS

There are three subjects not yet addressed in this
report which fall within the purview of altitude-
related flight physiology. One deais with the FAR
requirements for oxygen use by pilots operating
under Paris 91, 121, and 135. Another deals with
radiation exposure at high aititudes and high lati-
tudes. The third deals with flying after scuba diving.

FAR 91 allows a pilot of an unpressurized aircraft
1o fly between 12,500 and 14,000 feet, for a period
notto exceed 30 minutes, without using oxygen. For
any flight above 14,000 feet, the pilot must use
oxygen. FARs 121 and 135 differ from this as
follows: the 30 minutes allowed without oxygen is
between 10,000 and 12,000 feet, and above 12,000
feet oxygen must be used. For the purposes of
emergency descent of a pressurized aircraft, Part 61
states that above 35,000 feet, one pilot must wear
and use an oxygenmask uniess both pilots are at the
controls and have available quick-donning masks.
Pants 121 and Part 135 require the use of a mask by
one pilot above 25,000 feet unless both pilots are at
the controls and have quick-donning masks avail-
able. However, Part 135 requires one pilct 1c wear a
mask at all times above 35,000 feet, whereas Parts
91 and 121 require one pilot to wear a mask above
41,000 feet. The inequities in the requirements for
pilots cperaiing under different FARs is puzzling. A
corporate pilot operating a B-727underParnt 91 isno
less susceptible to hypoxia than an airline pilot
flying the same equipment. And, a total incapacita-
tion leading to an aircraft accident might be no less
catastrophic in either case. We recommend that the
FARs be revised 1o reflect a single standard for
oxygen use regardless of whether an aircraft is
operated under Part 91, 121, or 135,

The subject of radiation exposure at higher alii-
tudes and higher latitudes is @ matter of concem to
flight crews. Recent media exposure on the subject
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brought the matter to public atiention in articies in
the New York Times in February, 1990. One article
quoted the maximum ailowable annual exposire for
nuclear workers as 500m?ilirem per year. They went
on o quote a draft memo from the FAA stating that
flight crews working an Athens-New York route,
with en route times in excess of nine hours and
altitudes up 16 41,000 feet, would accumulate 310
millirem per year. While this is not representative of
all flight crews, it is indicative of 2 problem that
needs further study. To put this somewhat in per-
spective, the same articie quoted the National Coun-
cil on Radiation Protection and Measurements as
recommending 1o the government that the maxi-
mum allowable exposure for the general public be
lowered to 100 millirem per year. Much has still to
be learned about this problem and the long-term
effects involved, and we recommend further stndy
to accomplish this and to eventually set standards
for flight crew exposure to radiation. It has been
suggested that the expertise avzilable in the Armed
Forces Radiobiological Research Institute (AFRRI)
and the Aemspace Medical Asscciation (ASMA)
could be utilized as research resources.

Scuba diving has become a very popular sportin
recent years and is often enjoyed by flight crews on
Tayovers in warm climates. Since the gases inhaled
inscubadiving remainin the system for a significant
period of time, flying soon after scuba diving can
iead to decompression sickness. We quoie from the
Aiman’s Information Manual:

1. “*A pilot or passenger who intends to fiy afier
scuba diving should allow the bodv sufficient
time to rid itseif of excess nitrogen absorbed
during diving. If not, decompression sickness
due to evolved gas can occur during exposure
to low altiide and create a serious in-flight
emergency.

2. The recommended waiting time before flighi-
to-cabin pressure altitudes of 8,000 fect orless
is at least fourhours afier diving which has not
required controlied ascent (nondecompression
diving), and at least 24 hours after diving
which has required controlled ascent (decom-
pressiondiving). The waiting ime before flighi-
to-cabin pressure altitudes above 8,000 feet
should be at least 24 hours after any scuba
diving.”



10. SUMMARY

The first task of this repont is {0 determine the need
for training in altitude-related physiology for air car
rier and general aviation flight crews. These should
include recreational and business Part 91 pilots, Part
121 and 135 pilots, and flight attendants. To help
establish this need fortraining we quote the following:

Bigastronautics Data Book NASA SP-3006 -
“Visual threshelds have been shown to in-
crease at altitudes above 4,000 feet, probably
because of the very high oxygen requirements
of the light-sensing cells in the eye. Impair-
ment of ability to leam new complex tasks has
been demonstrated at 8,000 feet (P, 565mm
Hg) (Ledwith and Denison, 1964}; impair-
ment of recent memory, judgment and ability
to perform complex calculations are seen at
altitudes in the neighborhood of 10,000 feet
(P, 520 mm Hg) (McFarland, 1953).”

According to J. Emnsiing, Ph.D., of the Royal
Air Force Institnte of Aviation Medicine,
“The most important single hazard of flight at
high altitude is hypoxia.” To continue, “The
results of tlxe studies of the effects of mild
hypoxia upon the performance of novel tasks
conducted in the last two decades lead to the
conclusion thatthe maximum altitude at which
pilots should breathe air is 8,000 fi. This
conclusion is reflected in the United King-
dom by the current Royal Air Force Regula-
tions covering the use of oxygen in
unpressurised (sic) aircraft. Thus aircraft not
fited with oxygen equipment are not lo be
flown above 10,000 feet; where practicabie,
they are not to be flown above 8,000 ft. These
regulations may be compared with the regula-
tions of the United Kingdom Civil Aviaticn
Authority which allow pilots of private air-
craft to fly for up to 30 min. without oxygen
ataltitudes between 3048 and 3962 m (10,000
and 13,000 ft.). The corresponding regula-
tions of the United States Federal Aviation
Agency (sic)(FAA) for the crew of
unpressurised private aircrafi allow even
greater hypoxia. Thus the minimum standard
required by the FAA is that oxygen shall be
used at and above 3657 m (12,000 fi.) but
pilots may fiy for 30 min. without oxygen at
altitudes between 3810 and 4267 m (12,500
and 14,000 ft.). It is believed that these civil
regulations are too 1ax and that they should be
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amended 1o reduce the maximum altitude at
which pilots can breathe air towards, and
eventally below, 10,060 fi.”

Tiiese quotes show the concem surrounding the
physical incapacitation, partial or compleie, which
could occur due to hypoxia =t altitudes 4,000 feet
and above. This concem is escalated by the follow-
ing quoie from an article entitled “HYPOXIA: the
unlikely event?” in Flight Internationai, 8 April,
1989:

Dr. Alistair MacMillan, Head of the Altitude
Division of the Royai Air Force Instinute of
Aviation Medicire says, “In an actual decom-
pression at 25,000 fi. (sic) the partial pressure
(of oxvgen) drops immediately. The residual
oxygen in the bloodstream and lungs is thus
‘dumped overboard’ immediately, so the body
is in a worse position than was previously
thought. Instead of simply not taking in oxy-
#en, the body is acivally dumping it. The
onset of the symptoms of hypoxia is therefore
much faster than was precvicusly thought.”

It has been indicated earlier in this report that
there are physiological conditions other than hy-
poxia which could lead to incapacitation, e.g., e
pansion of gases ang gas bubble formation (decom-
pression sickness). The inability in pilots and other
flight crewmembers to recagnize symptoms of hy-
poxia and other physiological protlems could lead
to iota’ incapacitation and potentially fatal aircraft
accidents. This is borne out by accidert reports from
a number of sources, including the National Trans-
pottation Safety Board (NTSB} and Aviation Safety
Reporiing System (ASEE). For this reason, we feel
very strongly that training of civilian flight
crewmembeis, including {light attendants, and gen-
eral aviation pilots in the subject of flight physiol-
ogy 18 necessary and should be mandated by FAR.

The addition of altitude chamber flights to that
mandated training would seem to be supported by
the following quedw from an adicle in Aviation,
Space and Envirommental Medicine by Dr. CJ.
Brooks of Maritime Command Headquarters, FMO
Halifax, Nova Scotia, Canada.

“Loss of pressurization is an extremely low. but
definite risk to the pilot and passengers, thus
acromedical training with practical demonstia-
tions in the hypobaric (altitude) chamber for
aircrew and flight aitendants should continue.”



The second task of the report is to review current
training practices in the industry and academia. Avia-
tion training schools have courses ranging from one-
day recurrent training classes to four-year degree-
conferringcolleges. Mostofthese include flight physi-
ology in their subject matter, however briefly. To
provide additional information in this field, we com-
missioned an expertopinionpaper (Appendix A). The
writer is curvenity teaching flight physiology at a
major university. He is also a retired Air Force fighter
pilot instructor well-versed in USAF flight physiol-
ogy.

The scheduled airlines are required by FAR 121 or
135 o teach the six subjects listed in the FARs to their
crews flying above 25,000 feet. Reports from airline
training personnel and crewmembers indicate that the
training ranges from nonexistent to minimal.

Other sources of flight physiology training such as
the Civil Aeromedical Institute (CAMI) are used by
some corporate aviation departments for refresher
training and are available 10 others on request.

The third task of this repor: is to develop a curricu-
lum that can be used to provide the training that
appearstobenecessary. Atpresent, the FARs mandate
that flight crews operating above 25,000 feet receive
instruction in the following subjects:

» Respiration.
» Hypoxia.

« Duration of consciousness without supple-
menial oxygen at altitude.

» (Gas expansion.
» Gas bubble formation.

» Physical phenomena and incidents of decom-
pression.

We feel that the use of oxygen equipment, both
fixed and walk-around, should be added to that list of
altimde-related subjects, and that the mandated alt-
tude should be lowered 1o 10,000 feer.

We also feel that the following subjects addressed
by training in the military and by some civilian schoois
should be added 1o the curmriculum, despite the fact that
they may not be altitude related. Some of these sub-
jects are also addressed in the AIM.

19

« Flying after diving.
» Suess - external and self-imposed.

» Hlusions in flight, especially those leading io
spatial disorientation. The AIM says “Illu-
sions rank among the most common factors
cited as contributing to fatal aircraft acci-
dents.”

= Visual problems and night vision.
» Acceleration and force fields.
= Carbon monoxide poisoning in flight.

« Human factors, including self-medication,
smoking, use of drugs and alcohol, fatigue,
nutrition, physical fitness, and dehydration.

« Hearing, noise, and vibration.

As presently written, the FARs reflect dissimilar
requirements for pilots operating under different Parts
of the FARs. We recommend that the FARs be revised
toreflect asingle standard foroxygenuse regardless of
whether an aircraft is operated under Pant 91, 121, or
135. Perhaps a common ground could be reached by
using the standards currently specified in Part 121 as
2 basis for all operations.
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INTRODUCTION

The reguirement for training in high-altitude
physiology for civilian pilots has not been a part of
their training curriculum for a number of reasons.
Basically, throughout aviation history, most civil
flying has occurred at the lower, or relatively physi-
ologically-safe altitudes. With the advent of turbo-
chiarged equipped aircraft engines mounted on air-
frames that are unpressurized, the need for physi-
ological training increased. Even though most civil
flying still occurs at the lower aititudes, there are
specific actions that pilots take before flight that can
raise the effective altitude of their bodies and subject
them to the same dangers that occur at much higher
altitudes.

The lack of physiological training becomes more
acute when pilots fly in pressurized aircraft above
25,000 feet. The insidious effects of lack of oxygen,
when pressurization is slowly reduced, such as
would occur with a minor leak in the system or a
less-than-catastrophic failure can cause problems.
Minor illnesses, impaired judgement, memory and
alertness, and the effects of medications onthe body
and brain makes high- altitude flying too dangerous
for untrained pilots and their passengers.

When pilots combine their private flying skills
with their business transportation needs and use
their aircrafi to meet those needs, it is inevitable that
in order to meet a schedule, arrive at a destination,
or get home after a meeting, the urge to compiete a
mission will lead the pilot into a physiologically-
unsafe altitude orinto conditions for which there has
been insufficient training or experience,

Recently, anew trend has taken place in commer-
cial and airline aviation. Formerly, the airlines and
many of the commercial or corporate operaiors have
relied upon military-trained pilots to fly their air-
craft. These military-trained individuals have had
the benefit of an extensive physiological training
program and have carried that expertise into their
civilian jobs. Now, with the forced rctirement of
airline pilots at age 60, and former military pilots of
the Korean War era reaching that age, a large num-
ber of pilots are retiring each year, creating a strong
need fornew pilotsto enter the field. Airline deregu-
lation has resulted in many new airliners being
purchased, new routes being flown by established
airlines, and feeder or commuter airlines increasing
their market share and consequently, their need for
pilots.
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To further exacerbate the shortages, the military
services are 2ot producing as many pilots as in
previous times and those that doenter the service are
faced with lengthened commitments. For instance,
in April 1990, the United States Air Force length-
ened a pilot’s service commitment from § years to
10 years after pilot training. The net effect is to slow
the movement of military-trained pilots from the
services to the airlines.

It is estimated by the Future Airline Pilots Asso-
ciation (FAPA) that as many as 6000 new airline
hires will be needed each year for the next 10 years
10 meet the demand. The obvious answer to that
shortage is that pilots will have to come from civil-
ian-trained sources. Those sources range from indi-
vidual flight instructors operating with one airplane
*“out of the trunk of a car” to fixed base operators
with Part 141 schools, to the Flight Departments
maintained as academic institutions in leading uni-
versities.

Even though a pilot may fly aircraft that are
incapable of climbing above the physiologically-
safe altitudes, their need for information and train-
ing conceming physiological phenomenon still ex-
ists. The need for high-attitnde physiology training
for civilian pilots becomes more imporant as they
begin to take their places flying high-performance
aircraft. With the advent of more sophisticated gen-
eral aviation aircraft becoming available onthe used
aircraft market at reasonable prices, the need for
training becomes even more acute. When the cur-
rentcropofsingle-engine, pressurized, turbo-charged
aircraft such as the Piper Malibu become more
widely used, and the trend toward single-engine
turbo-prop planes such as the TBM 700 come into
wide use, the personal high-altitude-capable gen-
erai aviation aircraft will be a reality. TBM plans to
sell four of these aircraft per month with the United
States being the target market.

The problem of whether to require physiological
training for private pilots shovld be beyond argu-
ment. What can be argued is the type of training to
be required and to whom should it be applied. This
paper will primarily address flight physiology as
affected by altitude; however, other aspects of flight
physiology will be included as suggestions where
additional training may be required. The goal is to
produce a safe, efficient, and competent pilot.



CURRENT REGULATORY REQUIREMENTS

The requirements for physiological training for
individuals who aspire to the private pilots license
is, at best, minimal. The Federal Aviation Adminis-
tration (FAA) Private Pilot Practical Test Stan-
dardsbooklet for Airplane single-engine land (FAA-
S-3081-1A) is admittedly task oriented. Moreover,
they treat “AEROMEDICAL FACTORS™ as “Task
F.” (The last in the lincup) in the preflizht prepara-
tion Area of Operation. The objective of this ar=a is
that the applicant for a pilot’s license:

“Exhibits a knowledge of the elements related to
aeromedical factors, including the symptoms, ef-
fects, and corrective action of -

(a)
®
©
(@
©
]

The objective section goes on to suggest that the
pilot applicant have knowledge of the effects of
alcohol and drugs and their relationship to flight
safety, and the effects during flight of nitrogen
excesses derived from scuba diving.

hypoxia.

hyperventilation.

middle ear and sinus problems.
spatial disorientation.

motion sickness.

carbon monoxide peisoning.”

CURRENT TRAINING

(How is Flight Physiology Being Taught in the
Civilian Sector?)

Inorderto accurately portray what flight physiol-
ogy subjects are being tazght in the civilian sector
and how they are being taught, one must first under-
stand the types of training that can be obtained inthe
civilian sector. First, all aspirants to pilot and flight
instructor certificates and ratings must comply with
the requirements set forth in Federal Aviation Regu-
lation (FAR) Part 61. FAR Part 141 schools must
comply with somewhat more rigid requirements but
the basic rules are contained in FAR Part 61. It is
important to note here that anyone who passes the
appropriate written and flight examinations, and is
otherwise qualified, may obtain a pilot’s certificate.
Furthermore, that person need not have attended any
format school, informal classes, or other academi-
cally-oriented study group to obtain the licenses and
ratings. According the FAR Part 61.105:
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*An applicant for a private pilot certificate must
have logged ground instruction from an autho-
rized instructor, or must present evidence show-
ing that he has satisfactorily completed a course
of instruction or home study in at least the
following areas of acronautical knowledge ap-
propriate to the category of aircraft for which a
rating is sought.”

The FAR proceeds to ouiline the acronautical
knowledge appropriate to each category of aircraft
for which the rating is sought. No mention of knowl-
edge of physiological problems or procedures is
presented in the outlines.

The key words “home study” indicate the lack of
formal education needed to become the pilot of 2
high-performance aircraft. Persons who are trained
under Part 61 of the Federal Aviation Regulations
therefore are not considered by the Federal Aviation
Administration to have any need for formal physi-
ological training kit is als¢ important to0 note that
flight instructors are not required to undergo a
formal school for their profession. There is, in fact,
no provision in FAR part 61.181 through 61.187
indicating that an applicant for a flight instructor
rating must know about physiological subjects.

Pilots are responsible for the basic flight informa-
tion and ATC procedures for use in the National
Airspace Sysiem (NAS) of the United States. The
Aiman’s Information Manual (AIM) provides that
information, however, it also contains items *...of
interest to pilots concerning health and medical
facts...” but does not make these items mandatory
reading.

Chapter 7 of the AIM is entitled, “Medical Facts
For Pilots” and does address fitness for flight, ef-
fects of altitude, hyperventilation in flight, carbon
monoxide poisoning in flight, illusions in flight,
vision in flight, aerobatic flight, and judgement
aspects of collision avoidance. All of thus takes
place within six pages in a very large manual de-
voted to the “mechanics™ of flying.

The Flight Training Handbook, AC 61-21A,
published by the Department of Transportation,
Federal Aviation Administration, Flight Standards
Service contains less than four full pages of “Aero-
medical Factors.” The section on Hypoxia contains
two paragraphs. In fact, at four paragraphs, more
space is devoted to hyperventilation than to hy-
poxia. Pilots are reminded however, that they should



know more about this subject. To quote from AC61-
21A, “L is the responsibility of the pilot to consider
the status of his or her personal health and to be
informed on aeromedical facts. Advisory Circular
67-2, Medical Handbook for Pilots, provides much
of this information.”

Advisory Circular 67-2 is a very comprehensive
and easy to read treatise on the physiological factors
of concem 10 people who fly. It deals with subjects
ranging from the physical examination to the flying
passenger. In all, the subjects are adequately cov-
ered, however, one criticism is that it does not offer
the subject an understanding of how the body is
constructed and therefore why we behave the way
we do when deprived of oxygen. Knowing these two
things, the how and the why adds credence o the
argument for supplemental oxygen at the higher
altitudes, and provides a convincing argument for
further investigation and training.

Merely stating that lack of oxygen will cause a
certair: set of symptoms and have a probable effect
is no substitute for aciually experiencing the symp-
toms and observing the effects of lowered atmo-
spheric pressure. AC 67-2 should be taken for what
it is, i.e., an Advisory Circular and not a regulation
that must be read and obeyed.

AC 67-2 states in Chapter 4, Hypoxia, “Lack of
oxygen is the greatest single danger to man at high
altitudes, despite the importance of pressure and
temperatures.” Pilois are expected to instantly rec-
ognize and quickly react 1o urgent or emergency
situations, so it is necessary that the pilots be aware
of the threats that face them at various stages of
flight. In civil aviation, no flight surgeon checks out
each pilot before each flight. There is generally no
one who acts as a supervisor to check-out the pilot
before the planned flight. In fact, there is often very
little planning taking place before most flights in
privately owned or rented, civil aviation aircraft.
Consequently, it becomes increasingly more impor-
tant that civil aviators know the physiological con-
sequences of the actions that they may take, and act
accordingly.

TEACHING MATERTALS

The University Aviation Association recently
took a survey of its members to determine which
textbooks are being used for the courses that their
member colleges and universities teach. No infor-
mation was available conceming how many schools
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actually teach aviation physiology as a separate
course. Orly three universities indicated that they
use a textbook. One of them used the USAF pam-
phlet on Physiological Training, and two used local
texts. “Local texts” is a euphemism for a locally-
prepared handout.

Only one institution in the entire United States,
the University of North Dakota, has an altitude
chamber for human aviation training. The courses
offered include one for commercial aviators, senior
training personnel, and flight attendants who have
not ever participated in an aerospace physiology
course or an altitude chamber flight. It consistsof 18
hours of classroom instruction over a three-day
pericd and includes two chamber “flights.” Another
course involves regional and corporate pilots and
flight attendants who have never participated in an
aerospace physiology course or altitude chamber
flight. It consists of 13 hours of classroom instruc-
tion with two chamber flights and is a two-day
program. The third program involves general avia-
tion pilots and helicopter aviation initial training.
The classroom instruction is covered in six hours
and is completed in one day. A similar program for
corporate and commercial recurrency is available
for pilots who have completed FAA or military
aerospace physiology training within the past five
years. They receive five hours of instruction in the
classroom and a hypoxia demonstration flight in the
altitude chamber. Since no suitable textbook can be
found for these ciasses, the instructor relies upon
handouts that he has authored.

The Chio State University Aviation Department
offers a three guarter-hour credit course entitled
AVN 414, Flight Physiology. The objectives of tha
course are to develop aknowledge and awareness of
the mechanics of the human body as related to the
atmosphere ¢n earth and in flight, to understand the
effects of altitude, lowered atmospheric pressure,
stress, drugs and alcohol, “G” forces, and other
phenomenon the body will encounter in flight, and
1o understand the types and use of protective equip-
ment, survival equipment and techniques, and to
relate them to practical situations. The text used is
Physiological Aspects of Flight written by Dr. Rob-
ert]. Del Vecchio, Ph.D. and handouis developed by
the professor. The book is only partially oriented
the pilot and deals in technical detail which is
generally unimportant 10 the average general avia-
tion pilot. Since the University lacks proper facili-
ties, no altitude chamber flight is offered; however,
participation in an alitude chamber flight spon-




sored by the FAA at nearby Wright Patterson Air
Force Base is greatly encouraged.

Middle Tennessee State University was another
school that responded to the University Aviation
Association survey. They use a locally-formulated
text.

AIRLINE TRAINING

Typically, the airlines, when training their pilots
either as new hires or for recurrent training do not
address physiological problems. For most aitlines,
pilots who come to their “schoolfiouse” are ex-
pected to be fully qualified for flight. The basic
assurmption is that they have received all of the
training necessary 1o make them safe, efficient pi-
lots who only need to be trained in the type of
equipment to which they are to be assigned. The
training they receive depends upon the type of
equipment they will be flying and is basically com-
posed of aircraft systems such as hydraulic, eleciri-
cal, pneumatic, pressurization, heating and cooling,
and other mechanical systems.

AYUSAijr, anofficial noted that for initial iraining
(new hires) approximately 65% of the class time
was devoted to systems and the remaining 35% was
devoted to FAA-mandated training which includes
security, defense against hijacking and other related
subjects. A query t0 an American Airlines pilot
brought the response, “Nothing. I don’t remember
being taught anything about physiological subjects
during my training at American,” Later queries 10
American revealed that civilian-trained pilols are
shown a video tape on physiological training. The
pilot went on to indicate that the emergency masks
were ill-fitting and often dirty. The one-size-fits-all
concept was not optimum in that pilot’s mind and it
was further stated that each pilot should have their
own insert for the quick-don mask to encourage
inspection before flight and to take away the stigma
of inhaling someone else’s germs.

UNITED STATES AIR FORCE TRAINING

The United States Air Force operates the School
of Aviation Medicine at Brooks AirForce Base near
San Antonio, Texas. That this school came into
existence at all significantly bears on the problem
this paper addresses. The development of aviation
medicine took place in part because of the appalling
death rate among flying cadets during the First
World War. In fact, during WW-1, most air fatalities
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were not due to enemy action. Consequently, the
first Chief Surgeon of the Aviation Section of the
Signal Corps, U. S. Amny, one Lt Col Theodore
Charles Lyster, recommended that a research board
be established to investigate all of the conditions
that affected the physical efficiency of pilots, to
carry out tests and experimenis and 1o “provide
suitable apparatus for the supply of oxygen.” A
research laboratory was established and it gradually
became a training academy for flight surgeons, By
1922, it had become the School of Aviation Medi-
cine.

‘The School of Aviation Medicine was originally
intended to be a place where pure research programs
on the effects of flying at altitude were to be carried
out. In fact, in the beginning, Dr. Lyster and his
associates were charged only with examining pilot
recruits. Lyster had more in mind than examining
centers. He wanted to establish a semi-independent
medical service, modeled after the British “Care of
the Flyer” service with specially-trained doctors
atiached to flying units in the field. They were to go
beyond the basic conditions of the pilot’s health to
discover the conditions that had influence over the
capabilities of the persons who were flying.

A Medical Research Board was established on
Ociober 18, 1917. They were to report to Colonel
Lyster who had been appointed as Chief Surgeon of
the Aviagion Section, Army Signal Corps a little
over a month carlier. Their charter included the
power:

1. To investigate ail conditions which affect the
efficiency of pilots.

2. To institute and carry out, at flying schools or
clsewhere, such experiments and tests as will
determine the ability of pilots 1o fly in high
altitudes.

3. To carry out experiments arl tests, at flying
schools orelsewhere, to provide suitable appara-
s for the supply of oxygen to pilets in high
altitudes.

4. To act as a standing Medical Board for the
considerationof all matters relating to the physi-
cal fitness of pilots.

In short, the Board was to establish the practice of
Aviation Medicine (Although that description was
to come much later) and 0 do ali such things as



might affect the pilot’s health and safety.

Inthe book, 50 Years of Aerospace Medicine, by
Green Peyton, (page 10) the board had already come
to some significant conclusions about the forces and
effects that flying had on the human body. Speed,
“G” forces, height, optical illusions, spatial disori-
entation, turbulence, and the effects of atmospheric
pressure on the body all played a part, but to them,
the problem of insufficient oxygen at high aliitudes
was the single most important problem to solve.

If one looks at the current United States Air Force
curriculum for physiological training, it is easy to
teil that these conclusions are the basis for that
curriculum and that with some minor ¢xceptions,
very little has changed over the years. Oxygen
deficiency, with its attendant confusion or loss of
consciousness, was believed to be responsible for
many otherwise unexplained accidents in flying.
The obvious remedy then, as it is now, is to deter-
mine the progressive effects of oxygen starvation
and to train and equip the pilots to overcome them.
The problem was that equipment for overcoming
the problems had not yet been developed.

As a former jet fighter pilot, this writer has been
involved in the use of life suppont equipment for a
considerable length of time. The inspection, check-
ing, and proper wear of that equipment became
second nature as a result of continuous training
afforded by the Air Force. Because of that in-
grained respect forthe use of the equipmenit and that
second-nature habit of wearing and using it prop-
erly, 1 suffered no physiological effects from a
surprisingly violent incident. I was instructing from
the back seat of a 2-seat F-100F jet fighter when at
28,000 feet, the entire canopy completely and ex-
plosively separated from the aircraft. The gasses
inside ourbodies expanded approximately five times
theiroriginal volume in less than a second. We were
fortunate to be below 50,000 feet altitude where this
event would have been non-survivable. We were
subjerted to the exmreme cold iemperatures of high
altimde, and were also subjected to violent buffer-
ing, mrbulence, and gyrations of the aircrafi.

Because I had my equipment on tightly and
securely, had taken the precauiion to pre-breath
100% oxygen for 30 minutes prior o the incident,
and had not removed my mask thereafter, I suffered
no ili-effects of nitrogen-induced bends, chekes or
any symptoms of hypoxia. 1 was therefore able 10
remain in contro] the aircraft, rationaily think of our
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altematives, make appropriate decisions and getus
safely on the ground at Wright-Paiterson AFB,
where a recompression chamber would have been
available had we needed it.

It is significant to note that although a great deat
of progress has been made in aviation technology,
that is, the ability of general aviation aircraft to fly
higher and faster, and a great deal of advancement
has been made in the equipment that helps people to
survive and work at higher and higher altitudes, no
change has been made either in the physiological
makeup of the individual, or in the environment in
which an individual pilot or crew member must
operate,

The conclusion then is that if the problem of
oxygen deprivation was discovered in the
early 1900s by the military, when their air-
craft were generally only capable of flying
where civil airplanes now fly, it is equally
important now that civil aviation officials
take the same course of acfion as was done
back then and take steps to protect and edu-
cate the pilots of today.

THE NEED FOR TRAINING

In this writer’s opinion, every pilot needs some
physiological training. The gxtent of that training
should be dependent upon the type of equipment
that the individuat will be flying, that is, whetherthe
machine is capable of taking the pilot and passen-
gers to altimudes into the upper reaches or above the
physiological zone. In order to understand this con-
cept it is important o know what can happen to the
body at certain levels.

The FAA has divided the atmosphere into physi-
ological divisions. The lower division is known as
the Physiological Zone and generally goes from sea
level 1o about 12,000 feet. The next zone is from
12,000 feet to about 50,000 feet and is known as the
Physiological Deficient Zone. Above that is the
Partial Space Equivalent Zone and the Total Space
Equivaleni Zone. The latter two are not relevant to
this discussion.

Inthe physiological zone, the body ismore orless
adapted. Humans can experience middle ear or
trapped gas difficuliies, shoriness of breath, dizzi-
ness, or headaches with prolonged exposure or
exertion. The zone can become dangerous if a pilot
chooses te fly when ill, fatigued, under the influence




of alcohol or drugs, smoking heavily, or under
stress. Significant degradation in performance is
possible after long exposure to the upper reaches of
this zone and when under the influence of one or
more of the above factors.

1t is in the physiological deficient zone that most
of the troubles due to oxygen deprivation occur. The
effects of illness, drug and alcohol abuse, hangover,
smoking, fatigue and stress are much more pro-
nounced. The effects may be insidious and the onset
of effects hardly known to one whois nottrained and
has notexperienced them in controlted situations. Jt
is this last situation that inclines me to believe
that some form of physiological trzining must be
required for all pilots during their initial train-
ing. As1 teach physiological training to my college
students, discuss the subject in informal sessions,
and speak to groups of aviation enthusiasts, I find an
amazing lack of understanding on the subject. Most
comments are of the “Gee, I never knew that could
happen to me.” type. Some ¢ven relate one or more
incidents that had puzzled them during a flight that
were explained when they learned more about flight
physiology.

As aresult of my flight physiology classes, many
young aspiring pilots have applied for the altitude
chamber sessions at nearby Wright-Patterson Air
Ferce Base or at the FA A facility at Okiahoma City.
Comments from students retuming from the train-
ing are always positive and express how inuch they
were able o relate to the academics that were taught
in our classes. In fact, most comment that the half-
day of academics offered before the chamber ride
should be used as a refresher because the subject is
too broad for a beginner to learn in a session that
short.

The need forexposure to the altitude chamber for
pilots who have a very small chance 0 exceed the
physiological zone is problematical. In lieu of that

exXposure,

I would recommend a very thormough academic
indoctrination conceming physiological prob-
lems that relate to performance decrement when
attitude is combined with stress, age, sleep dep-
rivation, fatigue, alcohol, drug use, (either pre-
scribed or non-prescription) and smoking. Em-
phasis should also be placed on proper diet,
nutrition and physical conditoning.

Many pilots do not know the effects that poor
nutrition or physical conditioning can have on the
body. 1 would in particular recommend that each
person who wishes to become a commercial pilot or
an airline transport pilot be exposed to a formal
course of study on flight physiology and take a
“flight” in the altimde chamber if they wil! fly
aircraft capable of sustained flight above the physi-
ological zone. Private pilots, in my opinion, need
only to be exposed 1o the altitude chamber when
they plan to upgrade to an aircraft that is capable of
flying above the physiclogical zone.

Persons wishing to become flight instructors
should also be exposed to the altitude chamber. The
reason why I betieve that flight instructors must be
exposed to significant training and an altitude cham-
ber “flight” is that they are often the first exposure
to aviation that a non-flyer encounters. They are
often the lasi instructor that the newly-licensed pilot
will ericounter between the practical flight test and
the next bi-annual review. Since the bi-annual re-
view is 50 nonstructured, it is likely that the instruc-
tor giving the check will not take the time to include
physiological factors in the review, especially if the
instructors are ignorant of the effects themselves.
Consequently, ihe private pilot has no recurmring
exposure to the physiological problems and dangers
posed when they leave the ground. If the emphasis
were placed on physiological training in order 1o
qualify for the commercial or instructor ratings,
those instructors would be more likely to emphasize
that subject during their reviews. The solution is to
Tequire certain items 10 be covered during the basic
course of instruction and at every bi-annual review
and to make physiological factors, relative to the
performance of the aircraft 10 be flown, one of those
required items.

General aviation pilots who will operate aircraft
capable of flying above the physiological zone,
(12,000 feet) should be required 1o undergo physi-
ological training which includes a chamber flight
for their initial certification. My recommendation
for recurring training would include a refreshersuch
as is given at Oklahoma City or at any cooperating
Air Force or Navy Base or NASA facility. In the
event the chamber training is not possible or avail-
able, instruction from a prescribed sylfabus (which
will be detailed laterin this paper) could be given by
aqualified instructor and a check flight in an aircraft
capable of flying above 25,000 feet could be substi-
tuted. This check ride should include a hypoxia
demonstration which would, in an unpressurized



aircraft, include removing the mask and observing
the symptoms.

Inapressurized aircraft, the pressurization should
be gradoally released so that the insidious nature of
hypoxia is demonstrated. The flight instructor or
examiner would remain on oxygen at all times.
Flight instructors/examiners would have to be espe-
cially certified to perform this hypoxia demonstra-
tion and would have 10 be in complete control of the
aircraft. An additional observer would have to beon
board to place the mask on the individual in case
they were unable 1o do so for themselves.

RECURRING TRAINING RECOMMENDA-
TIONS

This recutring training should take place every
five years aslong as the pilot is flying high-altitude-
capable aircraft. There are several reasons for this
recommendation. First of all, an individual’s symp-
toms of hypoxia generally remain the same for
lengthy periods of time; however, some symptoms
are dominant and others occur withiongerexposure.
The dominance of symptoms changes over time.
Where one individual may begin to have *tunneil
vision” as the first symptom early in life, the first
symptiom may become tingling, and hot and cold
flashes iater in life. The need for constant monitor-
ing of one’s symptoms is apparent.

The Director of Acrospace Physioiogy at the
University of North Dakota, Mr. David B. Blumkin
is a Board Certified aviation physiologist and has
spent 20 years in the United States Air Force as an
Aviation Physiologist. He recommends recurring
training every five years.

The current Air Force regulation calls for recur-
ring training 10 be required at three-year intervals.
As more experience is being compiled, and budgets
are being squeezed, the School of Aviation Medi-
cine will be recommending a five-year interval
between recurring training sessions.

THE CORE CURRICULUM

As has been previously stated, the core curricu-
lum for pilots who will not fly aircraft capable of
rising above 12,000 feet would be less stringent than
those who will fly higher performance aircraft. The
following topics should be considered the minimum
necessary to be aware of the dangers of flight in the
physiological zone,

i.

The Physics of the Atmosphere:
Introduce the Physiological Zones:

Physiclogical Zone, Physiological Deficient
Zone, Partial Space Equivalent Zone, Total
Space Equivalent Zone.

The Gas Laws:

Graham's Law which explains the wansfer
of oxygeninto and carbon dioxide and other
gasses out of the body; Boyle’s Law, which
explains the expansions of trapped gasses,
middle earand tooth pains while climbing or
descending; Henry's Law which explains
“evolved gasses” whichintum are the cause
of the bends; Tharles’ law, explaining the
effects of pressure changes with tempera-
ture, and Dalton’s Law, which explains
altitude sickness Chypoxic hypoxia).

Knowiedge of Bodily Functions:

In order to understand the aff=cts of these
laws on the body, some knowledge of the
working of the body itself must be known.
Respiration, bothintemal and external should
be examined. The role that circulation plays
in the onset of hypoxia is imporant. This
would lead to a study of the types of hy-
poxia, themethods of combatting each type,
and the recuirements for supplemental oxy-
gen. Since symptoms canbe similar, hyper-
ventilation recognition and treatment should
also be emphasized in this phase of training.

Decompression Sickness:

Theeffectsoftrapped andevolved gasseson
the oigans of the body and their effect on
pilot performance should be taught. The
sinuses, teeth, joints, blood stream, and sense
organs are affected by decompression sick-
ness and those altered states should be thor-
oughly examined and explained. The ef-
fects of hypoxia on vision, especially night
visicn are important 1o the pilot and should
be undersiood.

Oxygen Equipment:

Pilots should know about the types of oxy-
genequipment that are required fordifferent



SUBJECTS TOBETAUGHTIN ADDITIONTO
THOSEDIRECTLY RELATED TOALTITUDE

1.

situations in flight. A familiarization with
regulators and masks, equipment checks,
and other general rules is very impoitant.
They should alsohave anunderstanding and
appreciation for the dangers of storage and
use of oxygen. Some study on the dangers of
toxic gasses and vapors, theirsympioms and
th LRRNEEney etons thas need  be taken
when those symptoms are detected is also
important.

Drugs. Alcohol and Medication:

The effects of drugs, both prescription and
non-rrescription, are not well known in the
general aviation community especially when
e W Hying evenmine JoweT reacnes of
the physiological zone. Some study should
be related to the kinds of drugs and medica-
tions that can be safely used by the pilot.
Often, pilots self-medicate or do not see a
flight-qualified physician for fearof ground-
ing. Some medications have been proved to
be safe for flight and those should be known
to the flier. The dangers of combining two
ditferent prescripions should dso be em-

The Effects of Stress:

All pilots should have an appreciation for
the effects of stress whether 1t is self-im-
posed by the use of illicit drugs or alcohol or
extemnally-imposed by associates, family
members, financial difficulties, and other
causes. Stress can significantly lower job
performance, memory, concentration, and
situational awareness. Pilots should be aware
of and make allowances forlowered perfor-
mance.

Spatial Disorientation:

The problems of spatial disorientation reach
far beyond those encountered during instru-
ment flight. In fact, many fatal accidents
have been artributed to “pilot’s loss of con-
trol” when visual references have been lost.
Being aware of the problemt and taking
corrective action such as a 180-degree tum
foranon-instrumented pilot should be taught.

3. Aging:

The problems of aging on eyesight, night
vision adaptability, loss of bearing, vision,
muscular coordination, and other factors
should be taught. Older pilots can be ca-
pable of many years of flying if they often
and faithfully check themselves out for de-
terioration of skills, leam new material and
techniques, and carefully monitor their per-
formance. They should also be checked by
and consult an Aviation Medical Examiner
(AME) when in doubt about their capabili-
ties. The time to quit flying voluntariiy
should be one topic of discussion.

EXPANSION OF THE, CORE CURRICULUM

For those crewmembers who will be flying in the
physiological deficient zone¢, additional problems
canbe encountered and training should be enhanced
to be able to cope with those problems. Although it
is pot a stated requirement, an instrument rating is a
practical necessity when flying high performance
aircraft at or ahove 18,000 feet. The stresses of
fiying under instrumen conditions can cause the
body o use oxygen at a higher rate.

1. Time of Useful Consciousness (TUC):

Stress the rapidity of onset of hypoxia when
rapid or explosive decompression takes
place. Teach the causes and problems of
shortened TUC and the ways pilots may be
prepared 10 deal with hem.,

It is in this regime that physiological prob-
lems take place rapidly. In fact, at around
20,000 feet, the Time of Useful Conscious-
ness (TUC) is approximately 30 minutes.
The TUC shertens as altitude is increased;
for instance, at 25,000 feet, the TUC is
reduced to three to five minutes. Time of
Useful Consciousness s defined as that
length of time within which an individual is
able to effectively of adequately perform
flight duties with an insufficient supply of
oXygen.

Factors affecting those times include the
rate of ascent, with the more rapid the ascent
the shorter the TUC becomes. The most
dangerous form of ascent occurs when a
rapid decompression takes place. In a pres-
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surized aircraft, the loss of a window, or
door, or some similar large portion of the
pressure vessel causes the occupants to be
raised from a nominal pressure altitude in-
side the cabinof 6,000 10 8,000 feet 10 actual
flight altitude in a few seconds. Typically, if
the aircraft is flying above 25,000 feet, this
can cut down the TUC to somewhere be-
tween 30 and 60 seconds. Physical activity
and day-to-day factors such as diet, rest,
drugs, smoking, and illness also tend to
shorten TUC. Pilots flying aircraft capable
of reaching critical ailtitudes must be made
aware of these factors.

2. Survival and Posi-Crash Actions:

Aids to survival including care and testing
of emergency locatorbeacons, first aid kits,
basic survival equipment, and terrain-spe-
cific equipment shouid become familiar to
the pilot. Pilots should know basic first aid,
evacuationtechniques, signaliing, radiotech-
niques, and self-help ideas.

Some stadyof the actions that must be taken
in order 10 survive in 2 post-crash situation
would be highly recommended although
not mandatory. The subject matter should
be slanted toward the type of equipment that
the pilots would be flying. In case of a pilot
flying a personal aircraft with few passen-
gers, small-scale escape and evacuation,
post-crash trauma, first aid, and all-terrain,
ali-weather survival techniques should be
subjects of the course.

‘With larger aircraft such as airliners, emer-
gency evacuation, fire and smoke disorien-
tation, passenger safety and survival, and
other factors relating to the carriage of large
numbers of people should be taught.
Overwater techniques, ditching, and sur-
vival at sea are additional subjects for recur-
ring training.

RECOMMENDATIONS

Basic recommendations have already been made
and justified in various sections of this paper. How-
ever, whathasnotbeen directly addressedis whether
flight physiology training should differ for general
aviation, corporate, or airline pilots or should it be
addressed only on the basis of the type of aircrafi

flown.
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= It is my recommendation that the basic core

curriculum be the same for all pilots regardless
of their ratings or the type of equipment they
are flying.

The effects of lack of oxygen are insidious
whether it is caused by unprotected high-
altitude flying, or by carbon monoxide from a
leaking exhaust system. Either condition can
lead to the same resuit. When an untrained
pilot encouniers these symptoms, which often
appear 1o be similar, they may noi be recog-
nized, therefore, no corrective actionmay take
place. Pilots must know the limitations of their
bodies and know how 10 cope with oxygen
deprivation situations.

All pilots should receive a thorough academic
indoctrination concerning physiological prob-
lems that relate to reductions in performance
with the onset of a hypoxic condition.

All pilots should receive training about factors
that produce performance decrements such as
stress, sleep deprivation, fatigue, alcohol and
drug use. Smoking, diet, and aging should be
a part of the course. Recognition of those
sympioms, and the comective actions thatmust
be taken should be a centerpoint in the course.

Performance degradation, and the attendant
problems related to it while flying evenalow-
performance aircraft can lead 10 a fatatity.
NTSB reports show where pilots have lost
control of the aircraft during all phases of
flight for no apparent reason. Toxicological
reports range from drugs and alcoholto carbon
monoxide poisoning. With education, pilots
would be more inclined to take their physical
condition into consideration during the pre-
flight phase of the mission.

Any person whao is to fly any aircraft ca-
pable of operating in the Physiclogical De.
ficient Zone or above should berequired to
take a full physiological training course
including the altitude chamber “flight* and
to continue to receive recurrent training at
least once every five years.

Aircraft in common corporate use today often
exceed 40,000 feet and many, including the



latest Learjets, are certified for flight above
50,000 feet. In order to maintain an adequate
cabin pressure altitude, the pressure differen-
tial, that is the difference between the pressure
of the air compressed within the pressure
vessel of an aircraft and the outside air, is
approaching 10 pounds per square inch (psi).
Non-survivable decompression is defined as
one in which the pressure differential loss of
10 psi occurs within one second. At that rate,
the alveoli (small sacs within the lungs that
transfer oxygen to the blood and carbon diox-
ide from the blood) will rupture. Survival is
impossible once this occurs.

The supersonic Concorde uses a 10 psi differ-
ential but ithas adoorof theinverted plug type
which is impossible to open under pressure
and more importantly, it has very smali win-
dows and a large supply of pressurization air.
Small corporate aircrafi have biggerwindows,
asmallercabinspace and lowerpressure flows.
Private aircraft such as the Cessna P-210 have
even larger windows, an even smaller cabin
area and a low flow pressurization system.
Although they generally fly at far lower pres-
sure differentials, the rapidity of decompres-
sion could easily be less than one second.

All pilots should receive training and be able
to recognize that adequate nutrition and goed
physical conditioning also play a significant
part in the pilot’s capability to fly safely.

In my experience as & professor of aviation
physiology teaching stadents who hold rat-
ings up to and including the Airline Transport
Pilot rating, an alarming lack of appreciation
for the effects of hypoglycemia, or low blood
sugar is exhibited. Symploms can be very
similar 0 hypoxia but cannot be curcd by
supplemental oxygen. Sympioms arc aggra-
vaied by flying at higher altitudes and under
stress situations. Prevention is therefore the
best cure. Only through participationin course
work that stresses these points can accidents
caused by this conditicn be remedied.

Beyond that, however, additional items and
whether or not an altitede chamber flight
would be required would depend upon what
the capabilities are of the aircraft that the piiot
would be flying.

= Recommend that iterns beyond the core cur-
riculum for instrument-rated pilots flying air-
craft capabie of blind flight would cover spa-
tial disorientation, visual iliusions, and false
scnsations. Pilots should experience disorien-
tation in the Barany Chair, the Vertigon or the
Vertifuge wherever possible.

One exception 1o the equipment hypothesis
would be the proposed requirement that all
flight instruciors be required 10 take the full
academic and chamber flight curriculum. The
purpose of this actionis tomake flight instruc-
tors intimately familiar with the hazards of
flight into physiologically-dangerous regimes
and to have them be knowledgeable in passing
along this information to their students. Since
students and private pilots are capable of blun-
deringinto dangerous physiolcgical situations,
the trained instructor can alert them to the
hazards and wam them, with some authority,
not to venture into that realm.

* Recommend that commercial pilots and air-
line transport pilots be required to take the full
course including the attitude chamber, the
Barany chair, and rapid decompression.

The recommendation that commercial pilots
and airline fransport pilots be required to take
the fuli course including the altimde chamber
is that they will mosi likely be called upon to
fly higher performance aircraft capable of
reaching dangerous altitudes. If they are not
assigned to fly aircraft capable of reaching
criticai 2ltitudes, altitude chamber training
should be made optional. Commercial pilots
and airline transport pilots will also be respon-
sible for the tives of other persons who pay for
theirflights and who depend uponthem to care
for their well-being in flight.

COMMENT

Iris a well-publicized fact in the aviation commu-
nity that eight out of ten accidents involving fatali-
ties are caused by pilot factors or operator error. At
this writing, accurate statistics are not available
detailing how many of those operator ¢mor acci-
dents can be attributed to physiological causes.
However, in discussing the subiect withindividuals
in the National Transportation Safety Board, the
Departiment of Transportation, and the United States
Air Force, it becomes apparent that significant
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amounts of accidents occurred with physiological
or psychological factors as either the primary or a
contributing cause.

It is also a well-known fact in the aviation com-
mudity that timely, accurate, and recurrent training
is the best method avaiiable to prevent mishaps.
Another well-known fact is that usyally, training is
not mandated until some significant accident has
occurred to shock regulatory agencies into action.
This is one significant area where a precedent has
already been set by aviation authorities in the mili-
tary services. Over ihe past two decades, military
accidents as a function of flying hours (withone year
as a notable exception) has continued to decline.
Training of pilots has intensified during those years
in all phases of flight as money to do so has been
made available in significant amounts.

According to officials of the School of Aviation
Medicine, only one accident in the history of the Air
Force has ever been attributed to the use of drugs. Of
course, service pilots are admittedly the cream of the
crop, with a great deal of elimination taking place
throughout the training environment. However, as
one doctor noted in an interview, “We still represent
the population of the United States and we still will
have some pilot who will use drugs.” Training and
the threat of enforcement has kept that usage to a
manageable minimum.

The private sector cannot hepe to duplicate that
record but by addressirng the problems of physi-
ological training before sericus accidents begin to
occur, by implementing adequate training programs,
and by anticipating those training needs, physi-
ologically-related accidents can be eliminated be-
fore they happen.

CONCLUSION

In this expert opinion paper. I have provided a
few suggestions for curriculum and training needs.
I have also attempted to provide justification for
each of those ideas. The task does notend here. It is
now the job of the regulators and policymakers 10
take these suggesiions and mold them inio effective
additions 1o the Federal Aviation Regulations so
that people in the field can implement them. Tt wilt
take the cooperaiion of ali of the segments of avia-
tion acting in concert to provide the industry with the
numbers of safe, intelligent, trained, and expen-
enced pilots that will be needed in the nexi decade.
1 hope that my pan is significant in this endeavor.
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APPENDIX B

SUMMARY OF ASRS REPCRTS

29778 — The aircraft sustained a loss of pres-
surization. The cabin altitude climbed to 20,000
feet. The crew followed all emergency procedures.
The flight atendants were cited by the reporter for
doing a good job. This report had many indications
of good crew coordinationand flight attendant train-
ing in these procedures.

30052 — The aircraft 2xperienced a cabin
pressure rise to about 13,500 feet, while it: cruise
at FL350. The passenger O, masks deployed and an
emergency descent was made. Control of cabin
pressurization was regained and, after a fuel check,
the flight climbed back to FL.310 and continued to
their destination. Since the masks had already de-
ployed they were no longer available with automatic
presentation. The Minimum Equipment List (MEL)
usually states that passenger O, masks must be
available for automatic presentation above a spect-
fied altitude, such as F1.250. This is probably a case
of noncompliance with FAR. 91.30.

30118 — The aircraft had to be depressurized
manually. During this process the crew was dis-
tracted and lined up for approach 1o a unway at a
nearby military base. The mistake was noticed and
a side-step approach was made to the correct desti-
nation.

30524 — One of the involved aircraft had lost
pressurization and was holding. A second aircraft
departed a nearby, busy airport and, due to airainee
controller, was cleared through the altitude of the
holding aircraft. The trainee was being monitored
by a recently-certified controlier. The shift supervi-
sorcaught the error and corrected it with vectorsand
aliimude changes before any conflict could arise.

30535 — The aircraft had a touchy pressur-
ization system which the First Officer (F/O) was
trying to handle. During the descent the crew got
behind the checklist and the Captain descended
below their cleared altitude with opposite direction,
conflicting traffic. (The aircraft does not have an
altitude reminder.)

30855 — The aircraft suffered a loss of pres-
surization st FL270. The crew had experienced
problems with the pressurization controller on three
previous legs. The FAA jumpseat rider viclated the

crew for improper use of their oxygen masks. FAR
121.3258 (b) (1) specifies: *“at cabin pressure alti-
tudes above 10,000 feet, up to and including 12,000
feet, oxygen must be provided for and used by each
member of the flight crew on flight deck duty, and
must be provided for other crewmembers, for thag
parntofthe flight at those altitudes that is of more than
30 minutes duration.” The flight deck crew donned
their O, masks when the cabin altitude (as opposed
to aircraft altitude) went above 12,000 feet, and after
30 minutes. This is another example of non-compli-
ance with the FARs.

31372 — The aircraft overshot assigned alti-
tude during climb. The F/G was attempting 1o
adjust the pressurization while the Captain was
adjusting the fuel flows. The reporter (Captain)
stated that he wasn’t sure who was flying the air-
craft.

31716— Whilein cruise at FL370, the aircraft
sustained a rapid loss of pressurization which the
crew was unable ts control manueally. The crew
made an emergency descent. During the incident,
some passengers and a flight atiendant received
injuries. The crew elected 10 land shon of their
destination for medical attention.

31745 — This aircraft was in descent through
F1.358, over mountainous terrain, and sustained
either a static discharge or a lightning strike. As
a result, their glass cockpit instruments went hay-
wire, with all alarm signals scunding, and the sys-
tem went to standby power. From what instrumenis
they could occasionally read (the lastrementation
was intermitient), they lost both engines and the
cabin pressure. They declared an emergency and
attempted restarts. Both initial restarts overtemped
the engines and the crew shut them down. On
subsequeni restarts they eventually got bothengines
running again at about 12,000 feet and made a high,
fast approach to the airport. (During all this a pas-
senger threatened a flight attendant and the crew had
security meet the aircraft at the gate.)

31958 — Thisaircraft sustained a loss of pres-
surization while in cruise at FL330. The crew
made an emergency descent and landed shont of
their destination.



32363 — During cruise, at FL.370, this aircraft
lost its right air conditioning pack. The Captain
descended to FL250, the singie pack altitude forthe
aircraft. The crew contacted maintenance and, while
performing the recommended procedure, lost the
left pack. The aircraft depressurized, the passenger
O, masks deployed, and the ¢crew made an emer-
gency descent to 13,000 feet. While at thai altitude,
the Flight Enginee: (F/E) was able to get the packs
to operate again and they continued to their destina-
tion.

32473 — In cruise, at FL370, the pressure
conirel “Auto Fail” light came on and the system
shifted to standby. Cabin pressure continued to
climb and the passenger O, masks deployed. The
crew atiempied to reach ATC 10 declare theiremer-
gency descent, were unable o, and squawked “7700™
(the emergency transponder code} while making an
emergency descent. At 16,000 feet they regained
control of the pressurization, reestablished contact
with ATC, and continued to their destination.

3247¢ — During climb, at FL330, aircraft
pressurization became unmanageable and the
crew made an emergency descent. The F/E had set
the pressunization system improperly, and at power
reduction for the emergency descent, the cabin
aftitude ran away and descended at 2,000 feet per
minute (fpm) from a cabin altitude of 12,000 feet +
to sea level, A number of passengers complained of
ear pain. The reporter felt the F/E (a recycled pilot
over 60 years of age) was incompetent and should
niot be flying.

32827 — The Captain of this flight was flying
while suffering from fatigne and recovering from
viral pneumonia and, as a result, made a number
of errors. Navigation errors were made as well as
improperchecking of the maintenance log forneeded
repairs that were not performned. The overlooking of
undone mainicnance items created more problems
for the crew on their return flight. The Captain was
flying when he should not have been because of fear
of repercussions from the company,

33149 — This crew did not make their as-
signed crossing restriction on the arrival route.
The problems leadingupio thisincluded fluctuating
cabin pressure, emergency lights blinking on and
off, the stall waming sounding for protracted inter-
vals, and a cross-tie lockout. The crew was dis-
tracted and the F/O was writing up the mainienance
log at a time when he should have been monitoring
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the aircraft. This was because of a shornt turnaround
time on the ground for their next flight.

33192 -~ On cdlimbout from Newark through
FL240, the crew experienced rapid loss of cabin
pressure. They tried all the recommended proce-
dures to contro! cabin pressure manually, then re-
guested and made emergency descent, and followed
emergency procedures.

33550 — During climbout the crew experi-
enced pressurization problems, got distracted,
and overshoi the assigned altitude. They cor-
rected the problems and continued the flight.

33816 — Shortly after takeoff, the crew no-
ticed that the aircraft was not pressurizing and
the cabin altitude was rising with the aircraft,
They were experiencing surging of the number 3
engine and had an open door annunciator light. The
crew shut down the engine, dumped fuel, and re-
tumed to correct the problem,

33970 — While the aircraft was cruising at
FL.330, the crew noticed a slow rise in cabin
altitude. They were unable to control it manually,
requested a descent, and received a descent clear-
ance to FL290. They had intermittent communica-
tions with ATC, declared an emergency, and con-
ducted an emergency descent. At 16,500 feet they
regained contzol of cabin altitude and radio comtact
with ATC. The flight landed short of its destination.

34227 — The aircraft cabin altitude was not
descending at the proper rate and the crew was
distracted by the pressurization problem. As a
result of the distraction, the crew missed radio
transmissions from ATC and didn’t descend at the
proper time.

34916 — The aircraft had a loud air leak
around the Captain’s side window and the crew
was unable to control cabin altitude. They initi-
ated an emergency descent and tanded short of their
destination. The aircraft was ferried unpressurized
to amainienance base where it was found tohave the
pressure-sensing hoses behind the F/E pancl hooked
up backwards, causing a pressurizaiton leak at cne
of the outflow vaives.

35030 — On descent into Houston, at FL360,
both air conditioning packs shut down and an
emergency desceni was begun. At F1.240 both
packs came back on the line and a normat descent



was continued into Houston. The problem was diag-
nosed as overheated packs shutting down automati-
cally. After they had cooled off, they came back on
the line automaticaily.

35417 — On climbout, this crew had no con-
trol over pressurization and requested a return
to the airport. During the approach, with the Cap-
tain and the F/E troubleshooting the problem, the
flying pilot allowed his mind to wander and under-
shot his assigned altitude. Fortunately there was no
traffic conflict and they were cleared to continue
approach and land.

35579 — The aircraft sustained an explosive
decompression drieto thelossof the First Officer’s
{F/Q) side window at FL230. The F/Q received
minor injury, and 1/2 of his O, mask was ripped
away and unusable. The Captain made 2n emer-
gency descent with the /O doing the checklists, but
the Captaindid notuse his O, mask at all. Thisshows
a lack of training in, and understanding of, the
effects of unpressurized flight withoutoxygen, since
ihe usual reaction to such a pressurization loss is to
don the O, mask.

35883 — At FL200 this aircraft sustained a
rapid loss of pressurization, the crew made an
emergency descent, and landed short of their
destination.

35901 — This aircraft was unable to pressur-
ize the cabin with the engine driven blower. The
crew had been pressurizing with power from the
auxiliary power unit {APU} to get maximum cool-
ing power for the cabin. At this time other equip-
ment problems occurred with hydraulics and fuel
crossfeeding. The crew requested priority handling,
descended, and discontinued cabin pressurization
with the APU. They were able to handle their other
problems and continued 1o their nearby destination
with prority handling.

36048 — While the aircraft was ciimbing
through F1.210, the cabinaltitude exceeded 10,000
feet and the cabin altitude warning horn sounded.
The crew donned their O, masks and atempted ail
recommended procedures to control the cabin alti-
tude (e.g., sclected standby; selected manual con-
tro; closed the outflow valve). They were unable to
regain control, made an emergency descent, and
returned to the point of departure. They made all
prescribed contact with ATC and followed com-
pany-operating procedures for the emergency.

36950 — The flight continued to its destina-
tion after an emergency descent, during which
passenger O, masks were deployed. At one point
during the balance of the trip, flight was conducted
at F1.270. The Minimum Equipment List (MEL) for
the airplane specified no flight above FL250 with-
out the availability of automatic presentation of
passenger O, masks. The masks could not be pre-
sented automatically because they had been de-
ployed in the previous emergency descent. This
involves noncompliance withFAR 91.30, regarding
Minimum Equipment Lists, and a lack of knowl-
edge of MEL requirements.

36895 — This military transport had a swell-
ing of a high pressure hydraulic line in the cabin
with subsequent leaking. Rather than burst the
hose and have the fluid spray throughout the cabin,
with potential toxic effects on passengers, the crew
isolated the system. While dealing with the prob-
lem, the crew was distracted and overshot their
assigned altitude by more than 1,000 feet. Since the
flight was near its destination, the crew continued at
low altitude without further problems.

37284 — Because of distraction discussing a
prior pressurization problem, the crew of this
aircraft was inaitentive and missed an assigned
crossing altitude. No comment was made by ATC
and no further problems ensued.

37289 — The crew experienced a pressure
controlier malfunction and were unable to con-
trol the cabin pressure. They asked for and re-
ceived a descent clearance. At FL180 they regained
control of the cabin pressure and continued to their
destination at that altitude.

37351 — This aircrait overshot its assigned
altitude in climb because the crevr was distracted
by manually controlling the pressurization. The
aircraft is a commuter in service in a high ambient
temperature area, with many legs per day. Since the
pressurization does not provide adequate cooling
automatically, the crews attempt to do it manually.
The body stresses incurred in eight pressurization
cyclesina very hot environment are reporied as very
wearing. The crew, in atiempting 1o alleviate pas-
senger complaints and increase the comfort level,
was distracted and overshot the altitude.

38010 — Crew fatigue and aircraft mechani-
cal problems led to the crew flying the wrong
departure headings. The crew had flown an aver-



age of 110 hours in each of the prior five months.
Shorily after takeoff, the pressurization and the
Captain’s intercom failed. In addition, the location
of the aircraft was a known area of radio reception
difficulties with the tower. All of the above and a
misunderstanding on the part of the flying pilot led
to the navigational error. FAR 121471 (a) (2) al-
lows Part 121 crews to fly 100 hours maximum per
month; FAR 135.265-(a) (2) allows Part 135 crews
to fly 120 hours maximum per month. From the
author’s experience as an airline pilot, 120 hours of
actual flying in one month, combined with the
additional duty time required to produce those 120
hours, leads to crews fatigued to the point where
they start making mistakes. This, combined with
atrlines which schedule minimum legal layovers for
rest, and consecutive multiple leg days (sometimes
4 to 6 in a row) leads one to believe that FAR
135.265 hours should be revised downward in the
interest of safety.

38565 — Crew missed the crossing altitude for
the STAR they were assigned. The F/O (pilot
fiying} had been trying to control the pressurization
while the Captain was working the radio to get the
ATIS and gate assignment. Nobody was minding
the store.

38570 — Shortly after takeoffa rear boarding
door came open and the integral stairs deployed.
The flight crew experienced no control problems
and returned to land. One of the flight attendants in
the rear unfastened his seat belt and went to the open
door to check it out, although his emergency train-
ing and common sense should have made him aware
that was a life-threatening move. The flight had just
begun to pressurize, so the decompression was
minor, or much worse could have happened.

39749 — The aircraft descended through the
assigned altitude as a result of crew distraction
due to pressurization problems. The entire flight
had been made partially pressurized, at 16,000 feet,
dueto atearin the fuselage. The F/E was busy trying
to coordinate the pressurization and power applica-
tion with the F/O, who was flying. One item on the
“DESCENT” checklist required a dual response
from both pilots and their attention to a bug setting.
At this point the pilots’ concentration was shifted
and the overshoot occurred.

40389 — An altitude overshoot occurred as
the crew was trying to reset an inoperative cabin
pressure centroller. The problem was compounded

by the fact that the autopilot was set ior altitude
capture and level-off and did not capture. The crew
was busy working with the pressurizationand didn’t
monitor the aircraft progress closely enough.

40406 — The pressurization was erratic in
descent, occupying the F/E; the Capt. and F/O
were busy interprefing radar echoes and avoid-
ing heavy cells; and, the aircrait overshot the
assigned altitude. The altitude clearance was noi
the same as usual for that approach profile, the pilots
were “programmed” © continue descent, and they
flew through the assigned altitude despite the alti-
tude alert waming.

40423 — The crew was unable to pressurize
the aircraft and elected to proceed from Dallas to
Chicago at 10,000 feet unpressurized. Because of
unforecasi winds, the flight arrived with 6,000 1bs.
of fuel instead of the planned 9,000 1bs. and had to
request priority handling from ATC.

40570 — On departure the crew experienced
problems maintaining cabin pressurization. At-
tention of the crew was diverted from flying the
aircraft and they overshot the assigned altitude.
Pressurization was controllable and the flight was
continued.

40611 — The F/OQ’s windshield began to disin-
tegrate while the aircraft was at 16,000 feet on a
ferry flight. The Captain directed the crew o puton
O, masks and goggles, depressurized the aircraft
and slowed. Asthe windshield continued to detami-
nate, the Captain sent the F/Q back to take a seat in
thecabin, declared an emergency, and continued Lae
approach to their destination at reduced speed,
unpressurized.

40690 — A pressurization abnormality di-
verted the crews attention and the aircraft de-
scended below the assigned altitude. The pilots
were warmned by the altitude alert and corrected.

41184 — While cruising at FL350 the cabin
altitude warning system activated and the air-
craft depressurized. The crew was unzble to con-
trol the pressurization and made an emergency de-
scent, contineing to their destination at low altitude.
Upon examination it was found that an anti-ice duct
had broken loose, creating a six-inch hole for the
escape of cabin pressurized air.



41846 — The crew leveled the aircraft at
FL240 when they were unable to control cabin
pressurization, They tried all the alternate means of
control unsuccessfully and requested an immediate
descent. The ATC controller replied “standby,” at
which time the Captain declared an emergency and
made an emergency descent. The aircraft returned to
the point of departure.

41936 — The crew was unable to coniro}
pressurization in descent without power on en-
gines 1 and 3. As a result, they were unable to make
the previously issued crossing restriction. They did
inform the controlier and did not receive a very
satisfactory answer. The reporter was writing to
inform ASRS of the problem with the controller as
it related to their mechanical problem,

42208 —Incruise, at FL310, the cabin altitude
horn sounded and the cabin pressure went to
10,000 feet and stayed there. The crew was unable
tocontrolit further, requested anemergency descent
and retum to point of departure. At no time did the
“Auto Fail” Light illuminate or the system switch
automatically to standby.

42890 — Shorily after arriving at cruise alti-
tude, the “Auto Fail” light illuminated. The crew
ran the emergency checklist and made an emer-
gency descent. On the descent through FL200 the
passenger O, masks deployed. The crew continued
the descent and continued to their destination.

43540 — Passing FL220 in climb the altitude
warning horn sounded, emergency procedures
were followed, and an emergency descent was
made. The flight continued at 10,000 feet. At the
nextstop,maintenance signed the item off as“fixed.”
Despite this, on the return trip the aircraft would not
hold pressure although the cabin did not exceed
10,000 feet of cabin pressure.

43606 — After takeoff the aircraft would not
pressurize and a return was made to the point of
departure. It was found that a door seal was not
seating, The door was opened and closed properly,
with the seal seated, and the flight proceeded to its
destination.

43996 — After takeoff from a high altitude
airport, the crew heard a loud pop followed by
erratic pressurization and elected to return to
Iand, overweight. They did not know what caused
the problem and chose to return right away rather
than dump fuels first. The problem was caused by
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the failure of maintenance to reinstall a transponder
antenna, which allowed the pressurization to escape
through that hole.

45195 — While in cruise at FL230 the crew
experienced an uncontrollable loss of cabin pres-
sure and requested an emergency descent. On
passing through FL 190 the F/E regained control of
the cabin pressure and the flight continued 1o its
destination. The crew lauded ATC fortheir immedi-
ate response and good handling,

45648 — While in cruise the master warning
light illuminated, followed by the cabin pressure
light; the crew performed the emergency check-
lists and made an emergency descent. During
climb, the pressurization had been erratic but con-
trollable. A slow duct leak caused the pressure loss
and the flight landed short of its destination.

45746 — While in climb the crew was unable
to control pressurization. When the cabin altitude
exceeded 10,000 feet the crew declared an emer-
gency and made an emergency descent, landing
short of their destination. All altemate means of
controlling cabin pressure were tried.

46814 — During a communication outage,
while dodging thunderstorms, the crew lost pres-
surization and made an emergency descent. An-
other flight got a new frequency for all, but while
trying to make contact this flight experienced the
pressurization loss and declared an emergency.
Before contact was regained with ATC, the crew
broadcast in the blind for all other aircrafi to turm on
theirlanding lights. Finding one aircraft particularly
close, they acrested their descent to miss that air-
crait. The mechanical problera was subsequently
found to be an outflow vaive so badly contaminated
with studge that it would not close and allow pres-
surization.

46855 — This crew initiated an emergency
descent due touncontroliable cabin pressureand
landed short of their destination. The problem
was found to be bird nesting material blocking a
radio rack cooling vent, not allowing it to close, and
thus venting pressurized air over the side.

47398 — Theaircraft depressurized at FL280,
The reperter felt a pressure change in his ears. The
Captain checked the Second Officer’s (S/0) panel
(the S/O was in the cabir), donned his O, mask,
actuated the speed brakes and began an emergency



descent, without communicating with the reporter.
From the Captain’s actions, the reporter assumed
there was a serious problem, donned his O, mask,
and aleried the en route Air Traffic Conirol (ATC)
centerto theemergency descent. This incident shows
a total disregard by the Captain of training in emer-
gency descent procedures that stress crew commu-
nication and CRM.

47533 — The crew was unable to control the
cabin pressure by any means, donned their O,
masks and made an emergency descent to 3,000
feet. The cabin pressure climbed to 15,000 feet ang
the passenger O, masks deployed. At 3,000 feet the
packs restarted, the airplane pressurized and a nor-
mal landing was made. Afier landing, the F/O and
the Captain checked with all passengers and none
expressed health or injury concems.

48316 — A crew at FL350 on an oceanic route
experienced an uncontrollable cabin depressur-
ization. They descended to 10,000 feet and returned
to their point of departure. Seventy-nine of the
passenger O, masks did not deploy automaticaily,
nor could the crew deploy them with the cockpit
control switch. The passenger O, masks that did
deploy were of the chemical generator type and left
a burning odor in the aircraft which the crew could
notidentify. Because of this the crew wore O, masks
for the remainder of the flight. The crew had never
been exposed to the smell of a deployed chemical
generator O, mask and did notknow what caused the
buming smell. They should have recognized the
smell from exposure to it in initial or recurrent
training, as required by FAR 121.417 (¢) (2) () (C).

48441 — The crew made a precautionary
descent t¢ 10,000 feet and a return to the point of
departure when they were unable to conirol the
pressurization. They did notdeclare anemergency,
but then wondered why the controllers kept asking
theirintent. On checking, maintenance found adoor
seal that wasn't seating and an outflow valve so dirty
it wasn’t working. The aircraft then departed and
proceeded 1o its destination at FL240.

48496 — Aircraft experienced pressurization
problems while climbing out on departure. The
Captain became so involved in solving the problem
that he didn’t monitor the F/O who was flying the
airplane. They were navigating on the wrong airway
and had neglected 10 reset their altimeters so were
flying at the wrong altitude. Insufficient aitention
was being paid to flying the aircraft.
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49197 — While in cruise at FL330 the crew
experienced electrical problems which created
fluctuating pressurization problems. In addition,
they lost parts of their glass cockpit displays and
navigation information. To remain VFR and to
control the cabin pressure they squawked “7700”
and made an emergency descent. Once communica-
tions was regained they received clearance for a
VER approach to their destination.

49389 — The crew was fatigned from an 11-
hour day, including bad weather, was trying to
cope with a pressurization problem, and almost
flew into the ground on an approach. The F/O
ooked up just in time (0 se¢ the impending disasier,
took the aircraft away from the Captain, and made a
go-around. The aircraft did make momentary ground
contact. Due to deteriorating weather the crew di-
verted, and they declared an emergency because of
the momentary touchdown. The flight landed at the
altemaie with no problem.

50164 — En route, at FL310, the aircraft lost
pressurization and made an emergency descent.
The O, masks deployed and the flight diverted to
1and short of its destination.

53120 — The aircraft departed with a defec-
tive door seal. The crew flew at 17,000 feet to their
destination and later realized the implications of the
door sealletting goin flighi at that altitude. They had
been warned by the mechanic who checked the door
that they should not fly above 10,000 fect. Inexpe-
rience and the desire to go led to a potentially
dangerous situation.

54596 — On departure the aircraft would not
pressurize and the crew returned to land. They
were informed by another aircraft that it appeared
they had two doors open—they subsequently found
that both autopressurization doors had failed. They
should have seen this on the warning lights for their
EICAS. However, they had been taught that the
EICAS would automatically recall any waming
lights onshiftingto ship’s power. That is not the case
and they did not see the warning lights for the doors
before takeoff. The ground school has since changed
their teaching on that subject and the crew is now
aware of the fact that warming messages have 10 be
manually recalled after certain tests and afier shift-
ing to ship’s power.



54751 — This aircraft was dispatched with a
restriction to a single pack operating ailtitude of
FL250. Despite this, the Captain operated the
aircraft at FL.310. The aircraft had an inoperative
air cycle machine in the right air conditicning pack.

This was noted in the maintenance log, along with’

the altitude restriction. En rouie, after manipulating
the pack controls, the Captain felt that the pack was
operating and requested FL.310. He did this despite
the F/Os protests and the MEL restriction in the log.
This is a clear case of noncompliance with FAR
91.30.

55845 — This carge aircraft would not pres-
surize after takeoffand the crew flew the remain-
der of the flight unpressurized and wearing oxy-
gen masks. Later inspection on the ground showed
that an external electrical compartment door had not
been properiy closed after maintenance work and
had not been properly checked by the F/E on pre-
flight, The warning light for the door did not come
on until weli into the flight.

56019 — This aircraft lost pressurization at
FL260and made an emergency descent. Thecrew
used O, masks and the passenger O, masks de-
ployed. The cause was found to be a piece of aircraft
insulation blocking the outflow valve from closing.

58221 — Precautionary engine shutdown in
flight caused loss of cabin pressure and a prema-
ture descent. The aircraft then proceeded at low
attitude to its destination.

58293 — Malfunction of the automatic pres-
surization control pressurized this aircraft to
2,000 feet below sea level and caused the crew to
return to their point of departure. The crew
misread the cabin altimeter as being at 8,000 feet
and attempled 1o descend the cabin manually, At
that point they pressurized the cabin for 10,000 feet
below sealevel. They misread the cabin attimeterby
10,000 feet and were not aware of the proper read-
ings to indicate a cabin pressurized below sea level.

60953 — In cruise, at FL310, the crew lost
pressurization,declared an emergency, and made
an emergency descent to 14,000 feet. The crew
continued to their destination at that altitude.

62611 — This aircrait lost pressurization on
climb through 16,000 feet, could not controi it
manually, and returned to their point ¢f depar-
ture. The F/Q was flying the aircraft for a visual
approach and the Captain was out of the loop talking

on the PA to the passengers and on the radio to the
company. As the Captain looked outside he
misidentified the runway being approached and
calted for a go-around. The aircraft was then vec-
tored for another visual approach. The Captain
should have been paying more attention to what was
happening with the airplane.

62685 — While in cruise at FL370 this aircraft
lost pressurization and made a rapid descent.
The crew was unable to control the pressurization
manually, but did not declare an emergency. The
cabin aititude never exceeded 12,000 feet and the
passenger O, masks did not deploy. The crew re-
gained partial control leaving FL200, descended to
12,000 feet and continued to their destination.

62916 — In cruise at FL220 thiscrew heard a
loud noise followed by a rapid decompression,
made an emergency descent and landed short of
their destination. Inspection for damage in flight
indicated a vibration near the number 2 engine.
Inspection on the ground revealed an 8-16 inch tear
in the fusclage. The NTSB determined the tear was
caused by metal fatigue resulting from a manufac-
turing error.

63322 — When the crew began descent they
lost control of the cabin pressure and made an
emergency descent. Upon leveling at 11,000 feet
they regained control of the cabin pressure and
1anded without incident at their destination. Pressur-
ization had not been a problem throughout the flight
and no reasen for the anomaly was found.

64363 — The aircraft lost cabin pressure and
the crew made an emergency descent. The crew
had been deviating around thunderstorms with en-
gine and wing anti-ice on. They got annunciator
lights waming them of the pressurization problem
arg tried to correct it. They were unable 10 do so and
requested an immediate descent. ATC complied
rapidly and made it unnecessary for the crew to
declare an emergency.

64705 — Neither air conditioning pack was
operating during climb, cabin pressure contin-
ved to climb, and the crew returned to land at the
point of departure. During the climb the Flight
Anendants (F/As) complained of poor ventilation.
A check of the pack indications showed that the
packs were inoperative. On further inspection afier
landing the Stari/Ammn switches were found to be in
the Amm position — this cuts out the packs on this



model of aircraft, and is not the proper position for
takeoff. The crew had not run the checklist care-
fully.

66870 — The crew was unable to stop a cabin
altitude climb and made an emergency descent.
Despite attempts to control pressurization, the cabin
continued 10 climb. The passenger O, masks de-
ployed and during the descent, pressunzation con-
trol was regained. The flight continued 1o its desti-
nation at a lower altitude.

67644 — This report involves a new type of
quick-donning crew O, mask which does not
perform as required by the FARs. The hamess is
designed to intlate away from the mask when the
mask is removed from ts comainer, and then defiaie
forasnug fit afterbeing placed onthe wearer’shead.
Instead, most masks tested by the reporter had the
harness inflate inside the mask and jam, so as 10
require a two-handed operation for donning. FAR
91.32 (b) (1) (i) requires that a mask can be taken
from its hanger/container, and within five seconds
and with one hand, placed on the face, and be ready
foruse. FAR 121.333 (c) (2) has the same require-
ments and adds: “the certificate holder shail also
show that the mask can be put on without disturbing
eyeglasses and without delaying the flight
crewmember from proceeding with his assigned
emergency duties.” (It should be noted that on pne
occasion we have seen this type of mask demon-
strated in a cockpit without the reported problem.)

68363 — This Captain depleted his O, supply
after testing the regulator in flight and continued
the flight to his destination with standby O,
bottlesin the cockpit. Whenthe F/Oleft the cockpit
foramoment, the Captain put on his mask and tested
the regulator. The regulator stuck open and bled off
the system. Without the quick-donning masks avail-
able for use, the crew did not comply with FAR
121.333 and did put themselves and their passengers
in potential danger.

68673 — The crew was unable to control
pressurization during clitmband requested lower
altitnde. An emergency was not declared and the
crew regained control of cabin pressure at a lower
altitude. With the concurrence of their company, the
crew continued to their destination at the lower
altitude.

70236-— The crew did not turn on pressuriza-
tion switches and had to make a descent after the
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cabin pressure started to climb. Fatigue was a
factor, after a long duty day. The crew had read the
checklists and responded correctly to the pressuriza-
tionswitch item despite switch position. They tumed
the switches on at a lower altitude and continued to
their destination.

70672 — An aircraft suffered a decompres.
sion at the beginning of descent. One of the flight
attendants, working in an aft galley, recognized her
hypoxic symptoms, discovered the passengermasks
had deployed, assisted a smalt child in going to its
mother, then passed out from lack of oxygen. She
was given supplementsl oxygen by another flight
attendant and was all right. However, flight atten-
danis are usually trained to don their own masks
Yefore assisting others so they will be capable of
providing such help. This flight attendant reporter
also brought out important considerations concern-
ing chemical oxygen generators. Considerable heat
and smoke are caused in the generation process.
Repontedly the heat has caused bums to, and the
smoke has been inhaled by, crew and passenger
alike. In addition, on assuming bracing positions for
an emergency landing, a problem arises with the
stowage of the paraphemalia from the seat-back
style of chemical generators (such as in the DC-10).
These canisters are also reporied as being so hot as
to prevent some passengers from sitting back intheir
seats and extending theiroxygen tbes farenoughto
initiate the sequence for their canister to provide
oxygen flow. This last problem contravenes FAR
25.1450 (b) (1) that says: “Surface temperature
developed by the generator during operation may
not create a hazard to the airplane or its occupants.”

70885 — This aircraft had a pressurization
problem after starting descent from FL310 and
made an emergency descent. Pressurization con-
trol was regained at a lower altitude and the flight
continued to its destination at that altitude.

73739 — Whilein cruise at FL220 this aircraft
experienced sudden depressurization and made
an emergency descent. The forward door seal blew
out. The crew had difficulty advising ATC because
of frequency congestion but finally determined thar
no traffic conflict had existed.

74860 — The aircraft experienced a rapid
decompression. The crew followed emergency pro-
cedures and made a rapid descent after transmitting
in the blind 10 the center and not receiving a reply.
The crew did not squawk 7700 (emergency tran-



sponder code) during descent. The reporter felt, in
retrospect, that training should include the necessity
to be in contact with ATC prior to descent, or at the
feast, to squawk 7700 so as to alert ATCto the need
to clear other traffic in the area of the descent.

81701 — The crew had a pressurization prob-
Jem, declared an emergency, and made an emer-
gency descent. They also suspected they might
have an air conditioning fire and requested direct
routing to their destination. ATC was going to
vector them around military airspace, but after the
crew redeclared the emergency, ATC gave them
direct routing. The crew felt it should be unneces-
sary to go into lengthy explanations to get expedited
handling after declaring an emergency.

82610 — The aircraft sustained a partial loss
of pressurization and made a descent to regain
control. The crew regained control at a lower alti-
tude and continued to their destination,

82612 — After partial loss of cabin pressure
and deployment of the passenger O, masks, the
crew made a descent. They regained control of
cabin pressure and climbed back o FL270 to con-
tinue to their destination. There, maintenance cor-
rected what they thought was the problem, but the
problem recurred on the return flight. No passengers
were on board on this second fligh;.

82754 — The aircraft lost partial cabin pres-
sure and made a descent after the passenger O,
masks deployed. Afier regaining control of the
cabin, they climbed back to altitude and continued
on. It was not necessary to declare an emergency
because of good handling by ATC. F/As reported
that there was no panic amongst the passengers and
their reaction was good.

84894 — Aircraft in cruise at FI.310 had an
uncontrollable loss of pressurization, made an
emergency descent, and returned to its point of
departure. There was confusion about the altitude
cleared to in the descent, but nothing was said by
ATC about going through an assigned altitude.
Passenger O, masks did not automatically deploy
because cabin altitude never got that high. A bumed
out outflow valve control motor caused the loss of
pressurization.

85640 — An aircraft in cruise at FL310 expe-
rienced an engine explosion and rapid decom-
pression. The exploding engine left a hole in the

fuselage large enough for a man to crawl through.
The crew followed emergency training procedures,
made an emergency descent, fought the fire, and did
all checklists according to their company proce-
dures. The first reporter said it took about 10 sec-
ondsto don his O, mask and he felt confusion during
the initial stages of the emergency. Since time of
useful conscivusness is measured in seconds atthat
altitude, he might have approached that length of
time and felt the effects of hypoxia. Both reporters
felt they had good training to handie single emer-
gency situations. However, they felt that the lack of
compounded, multiple-emergency simulator train-
ing left them less prepared to cope with this combi-
nation of happenings than they would have liked.

87583 - An aircraft climbing through FL305
experienced rapid decompression, and cabin
pressure waslost in about 10 seconds. The aircraft
had been written up for previous pressurization
problems but maintenance had been unable to dupli-
cate the problem. Subsequen: io this occurrence, a
large crack was found in the ¢abin in the right wheel
well area. This problem had been the subject of two
previous FAA Airworthiness Directive (AD) notes.
The crew made an emergency descent and ran the
“EXPLOSIVE DECOMPRESSION” checklist.

88641 — Aircraft sustained a pressurization
loss which the crew could not control and made
an emergency descent. The crew had trouble noti-
fying ATC because of frequency congestion. When
they made contact, they were cleared direct to their
destination ai a lower altitude.

89413 — Both air conditioning packs quit
simulfaneously while the aircraft was cruising at
FL.330 and the crew made an emergency descent.
At 10,000 feet the packs came back into operation
and the crew elected to continue to their destination
at 10,000 feet.

93641 — While cruising at FL330, the crew
noticed a climb in cabin pressure, could not
control it manually, made a descent, and re-
turned to the point of departure. During this, one
elderly passenger with a heart problem required
supplemental oxygen. No other problems were en-
countered.

94955 — While trouble-shooting a “taii com-
pattment high temp” light, the crew shut down
one pack. The other pack would not maintain
pressure and they made an emergency descent.



An emergency was declared and the crew manually
deployed the passenger O, masks and told the pas-
sengers to use them. The crew diverted to their
alternate. A loose duct connection in the tail was the
cause of the original problem and ex~cerbated the
pressure loss.

96377—The cabin altitude began to climb, for
no apparent reason, on an aircraft in cruise at
FL350. The crew attempted manual control but
were unsuccessful. They began an emergency de-
scent and were able to control the cabin altitude
when the aircraft reached FL220. The descent was
done smoothly enough sO that passengers were
unaware of it and the flight continued to its destina-
tion at the lower altitude. The following quote from
the reporter indicates a high level of preparedness
and professionalism: “As far as I'm concemed, this
was just another day in aviation. No big deal, but felt
it would be wise to inform you of the situation that
did occur.”

97776 — This crew lost pressurization, de-
clared an emergency, and made ar emergency
descent. The problem was with a cargo door seal
that blew out. One passenger with a prior heart
problem required medical atiention and the flight
landed short of its destination for that reason.

98080— Uncontrollable cabin pressurecaused
the crew to make an emergency descent. An
emergency was declared. The descent was not rapid
enough to prevent cabin altitude from exceeding
14,500 feet and the passenger O, masks from de-
ploying. The flight landed at its d=stination unpres-
surized.

98876 — The flight crew had an uncontrol-
lable loss of cabin pressure and made an emer-
gency descent. Attempts were made to control
pressure by alternate means. All emergency proce-
dures were followed. Because of a passenger in
distress, the flight diverted to a nearby airport.
Mention was specificaliy made of calm, deliberate
crew performance.



APPENDIX C

NTSB REPORT SUMMARIES

0488 — Anin-flight B-707 firein 1973 resulted -

in 124 fatalities and total destruction of the air-
craft afler a successful emergency landing. The
fire was fed by material from the aircraft interior.
There was a shortage of protective breathing equip-
ment (PBE) with full face masks to allow the crew
to fight the fire. The lack of such equipment was
addressed.

0527 — A PC-10 accident in 1973 revealed
unsafe conditionsin the passenger O, systemand
portableQ, system. The chemically-generated pas-
senger O, system had design flaws which resulied in
poor mounting of the units and the connecting hoses
and masks. The portable O, systems were not readily
available to the crew and did not have supply hoses
and full face masks attached. The unsafe conditions
have since been corrected.

0713 — Several rapid decompressions involy-
ing DC-10s and L-1011s have uncovered prob-
lems with chemically-generated O, systems. Most
of the problems have been attributed to a lack of
understanding of the systems by both passengers
and flight attendants. This Special Study was issued
in 1976, and Air Carrier Operations Bulletins
(ACOBS) were to be issued to improve training,
passenger briefings, and printed instructions on
these systems. Other issues such as Q, mask design
were still being debated as late as 1988.

0864 — A 1977 accident involving a general
aviation aircraft led to discovery cf a problem
with supplemental O, masks for general aviation
aircraft. The diluton valve filter dislodged, caus-
ing the problem. Tests were done on the particular
type of O, mask without conclusively demonstrat-
ing that the problem was a common one. Eleven
vears after the accident, there was a Technical
Service Order (TSO) regarding O, masks in the
Federal Register for public comment. If adopied,
this TSO should address the problem.

1619 — A Swearingen Metro taxiing for take-
off at Hot Springs, AR, in 1983, caught fire in the
cockpit and was gutted. All crew and passengers
safely evacuated. The aircraft used non-fire-resis-
tant hydraulic fluid and had possibie hydraulic leak-
age and O, leakage in the vicinity of the electrical

circuit breaker panel. The use of fire-resistant hy-
draulic fluid and inspecticn of all hydraulic and O,
lines for leakage was required to prevent recurrence
in this model aircraft.

1636 — In 1983, A DC-9 in Cincinnati, Ohio
had a fire in the left rear lavatory, made an
emergency landing, and evacuated the aircraft.
The material in the interior of the aircraft continued
to bum during the descent and evacuation, and 23
passengers died. The NTSB cited a shortage of
protective breathing equipment with full face masks
inthe passenger cabin and that was accessible to the
crew. An ensuing amendment to the FARs required
protective breathing equipment forall crewmembers.
In additicn, there is an ongoing study of respiratory
protection for passengers from toxic environmenis
during aircraft fires as a resuit of this accident.

1829A — An in-flight fire on board a
Singapore-bound L-1011, in 1985, led to the dis-
covery of malfunctioning passenger O, system
sequencing valves. Some of the O, masks were
neither sutomatically presented nor were presented
when the system was activated from the engineer’s
panel. An immediate Airworthiness Directive (AD)
was issued to correct malfunctioning oxygen initia-
1or sequence timer switches.

1848 — This 1985 report dealt with the con-.
cern of the NTSB regarding passenger compre-
hension of safety briefings and their performance
of tasks described in safety briefings. These tasks
include the vse of supplemental oxygen and life
vests, and the opening of emergency exits. This
concern was addressed at a Public Technical Con-
ference and is still being studied by three working
groups set up as a result of that conference.
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